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PREFACE TO THE THIRD EDITION 


The wide acceptance and the continued popularity of the 
first two editions of this book, as well as its translation into 
foreign languages, have encouraged the preparation of the 
third edition. The appearance of a new National Electrical 
Code likewise urges a new edition. 

While ordinarily a new Code appears every two years, this 
practice was not followed during the years of wartime upheaval. 
The latest Code was that for 1940, probably the most compli- 
cated of all Codes in practical application. During the war 
many interim aniendments to cope with wartime emergencies 
and shortages were issued and repealed, making interpretation 
still more difficult. The new 1947 Code, the first complete 
revision in seven years, happily marks a sensible return to 
simpler tables, simpler wording, and good horse-sense 
application. 

The science or principles of electricity do not change; the 
art or method of application does. That portion of this book 
having to do with 'principles has been revised to present such 
principles more clearly; that portion concerned with methods 
has been revised^ as required by Code changes and also to 
outline the methods more clearly. 

The author will appreciate suggestions for improvement of 
the content or the presentation of this book. 

H. P. Richter 

Minneapolis, Minn., 

Augustj 1947. 




PREFACE TO THE FIRST EDITION 

In preparing this book it has been the author’s aim to make 
it simple enough for the beginner, yet complete enough so that 
it will be of value also to those already engaged in electrical 
work. It is intended to be, not a manual that merely recites 
the methods used in wiring buildings for the use of electricity, 
but rather a book that explains the subject in such fashion 
that the reader will learn both the way things are done and 
why they are done in that particular way. Only in this manner 
can the student master the subject so that he can solve his 
own problems as they arise in actual practice, for no book 
can possibly cover all the different problems that are likely to 
arise. 

Since this book is not intended to include the subject of 
electrical engineering, only so many basic engineering data as 
are essential have been included, and these so far as possible 
have been boiled down to ABC proportions. 

All methods shown are in strict accordance with the National 
Electrical Code, but no attempt has been made to include 
a detailed explanation of all subjects covered by the Code. 
The Code is written to include any and all cases that might 
arise in wiring every type of structure from the smallest cottage 
to the largest skyscraper; it covers ordinary wiring as well as 
those things that come up only very rarely. The scope of this 
book has been limited to the wiring of structures of limited 
size and at ordinary voltages, under 600 volts. Skyscrapers 
and steel mills and projects of similar size involve problems 
that the student will not meet until long after he has mastered 
the contents of this book. 

The book consists of three parts; 

Part 1 presents the fundamentals of electrical work; termi- 
nology; basic principles; the theory behind general practices. 
Part 2 deals with the actual wiring of residential buildings and 
farms. Part 3 covers the actual wiring of nonresidential 
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buildinp, such as stores, factories, schools, and similar 
structures. 

The author acknowledges with appreciation permission to 
quote from “The Science of Seeing” by Matthew Luckiesh 
and Frank K. Moss. Other books that he has found helpful 
are listed in the Bibliography appearing at the end of the 
text. 

H. P. Richter 

Evanston, III., 

November, 1939. 
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PART 1 

THEORY AND BASIC PRINCIPLES 

Part 1 of this book is the introduction to practical electrical 
work, the ABC of the science and the art of electrical wiring. 
In order to master the art, obviously the principles involved 
must be clearly understood. The terms used in the measure- 
ment of electricity, the names of the devices used in wiring, 
must be at the student’s finger tips. 

For that reason a considerable portion of the material 
presented in Part 1 covers the “how and why,^’ rather than a 
mere presentation of the facts as such. The “how and why” 
are more important than the facts; master both, and Parts 2 
and 3 will be relatively simple. 




CHAPTER 1 


UNDERWRITERS AND CODES 

This book will cover the ordinary methods used in installing 
electrical devices necessary to make up a complete system, 
permitting advantage to be taken of all that electricity has 
to offer. 

In any discussion of electrical subjects, the reader will with 
great regularity meet with the terms Underwriters^^ and 
‘'Code.’’ It is therefore important to understand clearly just 
who the Underwriters are and what the Code is. 

Electricity performs an endless variety of work; still, if the 
various parts that make up an electrical system are of question- 
able quality or installed in haphazard fashion, great damage 
may follow. Buildings may be set on fire, people may be 
killed, and other lesser evils follow. Individuals will be the 
greatest sufferers, but insurance companies will also be subject 
to substantial losses, with the result that insurance rates must 
be adjusted accordingly. It is natural therefore that insur- 
ance companies have led the way in establishing minimum 
standards of quality in electrical merchandise as well as uni- 
form methods of installation — standards and methods that 
experience and experiment have shown lead to maximum 
utility with minimum hazard. 

Underwriters’ Laboratories. — The National Board of Fire 
Underwriters has established a testing organization known as 
Underwriters’ Laboratories, Inc., with testing stations in 
Chicago, New York, and San Francisco. To these laboratories 
manufacturers who wish to do so submit samples of their 
product before going into production. In the laboratories the 
product is given exhaustive tests in accordance mth estab- 
lished standards, and if it in every way comes up to the mini- 
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mum requirements, it is listed in the Underwriters’ Official 
published list and is then known as “Listed by Underwriters’ 
Laboratories, Inc.,” or as most people say, “Approved by 
Underwriters.” 


Un labeled fuse 





Labeled fuse 



Underwriters' Lahoratoi les, Inc 

Fia 1-1 — Aftei testing both fuses, the Undei wi iters appi oved the one at the 
bottom The fuse at the top didn’t have a chance of becoming a listed item 


It should be inteiesting to know that the tests by the Under- 
writers, and frequently also the test that the manufacturers arc 
required to make, are many times more severe than any condi- 
tions that will be imposed upon the merchandise in actual use. 
For example, one of the tests required of manufacturers by the 
Underwriters for every foot of rubber-covered wire designed 
for use at not over 600 ^ volts, most of which is never used at 
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voltages in excess of 230, is to submerge it in water for at least 
12 hr. At the end of that time it is tested against breakdown 
at 1 ,600 volts. Only after it meets this test is the wire put 
up into coils and labeled with the Underwriters’ label. 

An example of the extreme severity of tests at the Under- 
writers’ Laboratories is that applied to all plug fuses when 
submitted by manufacturers for approval. Such fuses are 
never rated at more than 30 amp. In the laboratory test, the 
fuse is short-circuited across a circuit capable of delivering 
5,000 amp. The fuse will naturally blow, but it must cause no 
damage external to itself. See Fig. 1-1, which shows two fuses 
after test. The one shown at the bottom of the picture passed 
the test successfully; the one at the top did not. In the case 
of the former, both fuse and fuse holder are in^good condition, 
except that the fuse is blown; in the case of the other, both fuse 
and fuse holder are demolished. Used in a home, such a fuse 
could easily cause a fire or an injury. 

In order that the product may stay on the approved list, the 
quality must remain at least as high as the Underwriters’ 
minimum specifications. To make sure that it does, the 
Underwriters send traveling inspectors to the factory from 
time to time to see that the required factory tests are made 
and that every effort is made to preserve uniform quality. 
Inspectors are more or less permanently stationed at some 
of the larger factories. The Underwriters also regularly buy 
samples in the open market from merchants stocking the item 
and repeat the original test. If the quality is not maintained, 
the listing is withdrawn. There are two types of listing service 
by the Underwriters; reexamination and label. 

Reexamination Service. — This type of service is applicable 
to products where it is relatively simple to maintain the quality 
of the original sample. Many devices fall into this classifica- 
tion: sockets, receptacles, outlet boxes, porcelain insulators, 
most appliances, etc. On such merchandise it is not neces- 
sary to test and inspect a large percentage of merchandise 
manufactured. 

It is not essential that items falling into the reexamination 
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classification be individually labeled to the effect that they are 
listed or approved, although practically all manufacturers are 
anxious to state this fact so that the purcha^g public will not 
overlook it. For this purpose the uniform markers shown in 



Underwriters' Laboratories, Inc. 

Fig. 1-2. — The markeia above on merchandise or container indicate that the 
material is approved by Underwriters. 




Underwriters* Laboratories, Ine. 

Fig. 1-3. — Many items have an individual label on each piece of merchandise. 
Above are shown a few examples. 


Fig. 1-2 have been developed and are in general use, both on 
the merchandise and on containers. 

Label Service. — This type of service is applicable to prod- 
ucts where each piece of merchandise is individually labeled 
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with a label that reads “ Underwriters’ Laboratories Inspected, ’ ' 
or an abbreviation like “Und. Lab. Insp.” Under the label 
service, represei|||^^ves of the Underwriters’ Laboratories 
make frequent ins|^ctions at the factory to examine and test 
sa,mples of the labeled product. Into this classification fall 
wire and cable of all kinds, conduit, switches of all kinds, 



Ifdematxonal Aim, of Elec Inepectore, 

Fig 1-4 Lamp cords have a bracelet label every 6 ft 

lighting fixtures, and similar devices Examples of the labels 
used on the merchandise are seen in Fig 1-3 
Lamp cords receive a special label which is applied in brace- 
let fashion every 6 ft. on the cord, so that, when it is sold over 
e counter, the purchaser defimtely knows that he is buying 
safe, soimd merchandise (see Fig. 1-4). The bracelet label 
likewise IS of great value when devices such as floor lamps, for 
ex^ple, are sold The presence of the label on the cord 
testifies that the cord is approved 
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The presence of such a bracelet label on the cord used in an 
assembly, such as an appliance cord or extension cord, indi- 
cates only that the lamp cord used in the 
assembly is approved ; the devices used on 
the ends of the cord may still be unap- 
proved. Today every assembly if it is ap- 
proved must bear, slipped over the cord, a 
^^doughnut^' label of the type illustrated in 
Fig. 1-5, indicating that the complete as- 
sembly is approved. The bracelet is used 
mostly on lamp cords sold by the foot over 
the counter. 

In certain classes of devices — such as 
toggle switches — the words ^‘Ilnd. Lab. 
Insp.” are molded or stamped or otherwise made an integral 
part of the merchandise and constitute the label. Look foi- 
these words molded or stamped into bakclite, steel, or porcelain 
parts of such devices. 


Underwriter a’ Laboratories, Inc. 

Fig. 1-6. — Merchandise which is only tentatively approved bears the ^‘trial- 
installation’’ label. 

Trial Installations. — From time to time new types of wire 
or other electrical devices are developed. Laboratory tests 
may show the new product to be in every way practical and 
suitable for general use, yet it may be deemed desirable to give 
the new product the benefit of practical field tests in actual use 
before giving it final approval for general use. In that case the 
product is classified as ‘Hrial-installation’^ material — the 
product is listed or approved, but only for limited use in trial 
installations. Figure 1-6 shows a label for this class of 
merchandise, approved temporarily for experimental purposes 




Fig. 1-5. — Cord 
assemblies bear 
doughnut ” labels 
slipped over the 
lamp cord of which 
they are made. 



UNDERWRITERS AND CODES 


0 


only. Under this label the item may be used only with the 
approval of the local electrical inspector and under such condi* 
tions as he may direct. Installations are kept •under close 
observation to gain as much experience as possible, and if over 
a period of some years the neW product lives up to expectations 
in every way, it may then be given full-fledged listing or 
approval for general use. 

How^Underwriters Are Supported. — Underwriters' Labora- 
tories being a nonprofit organization, their cost of operation is 
absorbed by the manufacturers who submit merchandise. 
There is a fee for testing merchandise, and when a manufac- 
turer buys from the Underwriters the labels for his product, he 
pays more than the bare cost of the label, the difference being a 
service charge which pays for inspectors' expenses in checking 
at the factories and also supports the laboratories in general. 

Purpose of Underwriters. — What good is accomplished by 
all this? The public is assured that the products bought, if 
listed or approved, have at least a minimum of safety, 
quality, and utility. As far as manufacturers are concerned, 
they know that competitors' goods automatically meet the 
minimum requirements of the Underwriters, that no one is 
skimping on quality. As far as the insurance companies 
are concerned, they are assured of smaller losses than would be 
the case if merchandise of substandard quality were used. 
This is obviously an arrangement by which everybody benefits. 

^^Approved by Underwriters" does not mean that all 
approved products are of equal quality. It merely means that 
those approved do meet the minimum requirements of the 
Underwriters. For example, one approved toggle switch may 
outlast another approved switch by five times, although both 
meet the minimum safety requirements. 

“Approved by Underwriters" means that the material in 
question is approved for the purpose for which it was designed, 
but not for other purposes. For example, flexible lamp cord 
is intended for use in connecting lamps, clocks, and similar 
portable devices consuming nominal amperages, to plug-in 
receptacles. It is not designed for or intended for use in 
adding wiring to an existing installation. Figure 1-7 shows 
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the result of misusing it for a purpose for which it was not 
intended. A serious fire could easily have occurred, even if the 
material was approved; it was approved for a purpose other 
than that for which it was used. 



International Aann of Elec Inspector a 

iiti 1-7 Mibuse of exteiibioii coid here could easily have caused a fiie 
far fiioie seiious than the pictuie shows Do not use materials for purposes 
for which the> were not intended 

Identification. — In any event, regardlesb of whether a prod- 
uct is listed under reexamination or label service, it must 
always be identified by the manufactuicr^sname or trade-mark, 
by a number that has been assigned by the Underwriters, or by 
some arbitiary symbol, and in addition by a type or catalogue 
description, or by an Inspected label, so that it may be 
recognized as approved merchandise 

How to Recognize Approved Merchandise. — How is the 
public to recognize approved merchandise when they see it‘i^ 
If the merchandise is labeled Underwriters’ Laboratories 
Inspected” or with an abbreviation indicating the same, 
it is approved. If the merchandise or its carton bears the UL 
insignia of Fig. 1-2, it is approved. If it does not bear the 
manufacturer’s marking or other designation which will 
identify it, it is not a listed item. Reference to the Under- 
writers’ list of approved devices will establish in any event 
whether the merchandise is approved or not. The safest 
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policy is to buy electrical merchandise only from concerns that 
have a reputation to maintain and that cannot afford to 
jeopardize it by selling unapproved merchandise. 

It does not follow that just because an item is not approved 
it cannot be good merchandise, as some manufacturers have 
an exaggerated idea of the cost of having an item approved, 
and others just do not care; for these reasons they do not 
submit their merchandise for approval. The presumption, 
however, is against merchandise that is not approved. 

In fairness it must be stated that the Underwriters do 
not concern themselves at all with certain devices on which it 
is a simple matter to maintain good quality, or which present 
no hazard whatever. In this class are, for example, low-volt- 
age devices, such as doorbell wires and doorbells. Strangely, 
electric motors, except those of the explosion-proof type, are 
not listed. 

National Electrical Code. — If electrical devices of high 
quality are used, but installed in a haphazard fashion and with 
no regard to the relation of one device to the other or the total 
load they may be called upon to carry, the complete installa- 
tion may still be of a hazardous nature. It is necessary there- 
fore that standardized methods be set up which have been 
found in practice to present no hazard. 

These standardized methods that experiment and experience 
have shown to be correct are set down in a form which has 
come to be known as the National Electrical Code. Whenever 
in this book the word Code is used, it refers to this National 
Electrical Code, abbreviated N.E.C. Its purpose is admira- 
bly outlined in a paragraph of a pamphlet on the subject by the 
International Association of Electrical Inspectors, which reads 
as follows: 

The National Electrical Code is a collection of rules and regulations 
governing the installation, and, to a certain extent, the use of elec- 
trical equipment. Its purpose is to reduce the hazard from electrical 
fires and electrical accidents, and it does this by specifying the exact 
manner in which electrical materials, devices, fittings and appliances 
shall be both originally installed and later maintained. A strict 
compliance with the requirements of the National Electrical Code 
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will produce an electrical installation which may be deemed reason- 

ably safe from electrical Gres or accidents at the timepf its installation 
and which, with proper maintenance, should remain in a safe condi- 
tion over a period of years. 

The purpose of the Code will be better understood by 
reading the following paragraph from the Code itself: 

The provisions of this Code constitute a minimum standard. 
Compliance therewith and proper maintenance will result in an 
installation reasonably free from hazard but not necessarily efficient 
or convenient. This Code is to be regarded neither as a design 
specification nor an instruction manual for untrained persons. Good 
service and satisfactory results will often require larger sizes of 
wire, more branch circuits, and better types of equipment than the 
minimum which is here specified. 

The National Electrical Code is ordinarily revised every two 
years or so. During the war, however, no new Code -was 
issued between 1940 and 1947 (see Preface to third edition). 
The wiring methods shown in this book are in accordance with 
the new 1947 Code, 

The Code is not written by one man or by just a few people. 
Each phase of the work is handled by those in the industry who 
are most competent. The exact procedure is outlined in the 
following paragraphs, quoting again from the same pamphlet 
of the International Association of Electrical Inspectors: 

The preparation of the National Electrical Code is now under the 
supervision of the Electrical Committee, a technical committee of 
the National Fire Protection Association and a sectional committee, 
according to the procedure of the American Standards Association. 

The National Fire Protection Association is a group which includes 
a wide variety of interests concerned with, or directly connected 
with, fire prevention. The membership represents federal, state 
and city governments, consumers, engineering societies, insurance 
and inspection groups, public utilities, electrical dealers, contractors, 
manufacturers and others. 

The American Standards Association is the recognized organization 
through which industrial standards are promulgated .... 

The Electrical Committee at the present time consists of a Chaii - 
man, a Secretary, 44 members and 40 Alternates. 
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Enforcement of the Code. — The question should by this 
time logically arise as to what jurisdiction insurance companies 
or their laboratories or a group of manufacturers may have 
over individuals — why one should not be allowed to use such 
merchandise as he pleases and in such fashion as he pleases. 
The answer is that these bodies have no jurisdiction whatever 
and that so far as they are concerned the individual may do as 
he pleases. However, he is still obligated to obey the laws of 
the state, or city, or other municipality, and with few excep- 
tions, these lawmaking bodies pass laws or ordinances which 
require that the provisions of the National Electrical Code 
must be observed in the territory involved. Another impor- 
tant consideration is that fire insurance companies may refuse 
to issue policies covering premises that are not properly wired. 

Aside from all legal requirements, common sense suggests 
that the individual take advantage of the experience of those 
who know more about the subject than he does — such experi- 
ence of experts collectively comprising the National Electrical 
Code. 

Local Codes. — The National Electrical Code defines in a 
broad way what may and may not be done in the line of 
wiring, the different methods that are permitted, and so on. 
Frequently the local ordinances limit the National Code, so 
that only a portion of what it permits is then permitted locally. 
For example, the National Code specifies that under certain 
conditions a conduit system, an armored cable system, a non- 
metallic system, or one of several other systems may be used 
in wiring a house. The local code or ordinance may specify 
that all these systems may be used locally, except armored 
cable. It is therefore important that the student and the 
contractor be familiar not only with the National Electrical 
Code^ but also with the local codes or ordinances that apply in 
their locality. 

^ A copy of the National Electrical Code may be obtained by sending 
15 cts. for postage to the National Board of Fire Underwriters, 85 John 
St., New York, N.Y., 222 W. Adams St., Chicago, 111., or 1014 Mer- 
chants Exchange, San Francisco, Calif. 
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ELECTRICITY: BASIC PRINCIPLES 
AND MEASUREMENTS 

Many terms are used in the study of electricity. Here 
will be explained only those necessary to understand clearly 
the problems that come up in ordinary electrical installations. 

Volts. — In blowing up a toy balloon, very little work is 
involved, for the volume is small and the pressure involved is 
low, probably 1 lb. per square inch or less. In a bicycle tire 
the pressure is about 20 lb. per square inch. In automobile 
and truck tires the pressures range from 30 to 60 lb. per square 
inch, while in the compressor that inflates them it may be 150 
lb. per square inch. Many torpedoes fired from the Navy^s ’ 
submarines are powered by compressed-air motors, and the 
pressure in the tanks in the torpedo may be 3,000 lb. or more 
per square inch. 

If a bicycle tire is pumped up by hand, it is more work to 
pump it up to 20 lb. pressure than it is to pump it to only 10 lb. 
pressure. If a pressure tank were involved, having the same 
number of cubic inches capacity as the bicycle tire, and it were 
required to pump it to 500 lb. pressure, it would obviously take 
much longer and would be more work than to inflate the 
bicycle tire to the same pressure. The work involved is pro- 
portionate to the pressure involved, so long as the volume of the 
inflated vessel remains the same. 

Similarly, there are differences of electrical pressure, only 
instead of being measured in pounds per square inch, they are 
measured in volts. One volt^ is not a very great pressure, so 

^ The volt is named after Count Alessandro Volta (1745-1827), one 
of the great pioneer scientists who had much to do with the early 
development of electricity. For example, he discovered that when 
two dissimilar metals are immersed in an acid an electric current will 
flow through a wire that connects the two metals. 

14 
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for commercial purposes, higher pressures or voltages are used. 
An ordinary flashlight cell (regardless of size) or an ordinary 
dry cell battery develops 13 ^ volts (approximately) when 
new and fresh. Four of them connected in series as in the 
battery commonly known as a ^'hot-shot'' produce 6 volts; 
30 of them make a 45-volt B battery such as used in non- 
electric radios. A single cell of a storage battery develops 2 
volts when fully charged; three of them in series develop 6 
volts as in an automobile battery; 16 of them develop 32 volts 
as in the case of a farm-lighting-plant battery. 

Kilovolts. — The Greek word '^kilo^^ means ^Hhousand.^^ 
Therefore 1 kilovolt is 1,000 volts; 20 kilovolts is 20,000 volts. 
It is much simpler when speaking of high voltages to say ^^50 
kv.” than to say ^'50,000 volts.’’ 

Amperes. — Voltage alone defines only what the pressure of 
an electric current is; it does not define the quantity of electri- 
cal energy involved. Go back to the comparison with air. 
Assume that there are two rubber tires to be inflated to the 
same pressure in pounds per square inch: one a small bicycle 
tire, the other a much larger automobile tire. Everybody 
knows that it is much more work to pump up the larger tire 
by hand than it is to pump up the smaller tire, even if the pres- 
sure is the same. If both are pumped to 20 lb. per square inch 
in the same number of minutes, more work must be done per 
minute. If the pumper works only as hard to inflate the 
larger tire as when inflating the smaller tire, he must work 
a longer time. The work is proportionate to the number of 
cubic feet of air pumped, so long as the final pressure remains 
the same. 

Electricity is not measured in quarts^ or pounds or cubic 
feet, but the rate at which it flows is measured in amperes. 
The ampere^’^ measures the rate at which electricity is flowing, 

^ The ampere is named after Aiidr<5 Marie Amp^e, another great 
scientist of the early nineteenth century, who discovered many of the 
fundamental laws concerning the flow of electrical current. 

* In these days of electronics and atom bombs, a word may be in order 
to those who are interested in the purely scientific aspect of the subject. 
A current of 1 ampere is said to flow when 1 coulomb of electricity flows 
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just as water is measured in gallons per minute, or air in cubic 
feet per minute. Note that the term is not ‘‘amperes per 
minute’^ but just “amperes.'^ Pounds and gallons and cubic 
feet each denote a quantity, but an ampere is not a quantity of 
electricity; it is merely a term describing the rate at which 
electricity flows, the quantity itself being measured in cou- 
lombs or electrons. The term “ampere’^ might be compared 
in air flow to a nonexistent term that would express the rate 
at which air must uniformly flow so that at the end of one 
minute exactly one cubic foot has flowed. 

Ampere-hour. — If electricity has flowed at the rate of one 
ampere for one hour, the total is called an ampere-hour. The 
term is little used except in storage battery Avork. 

Watts. — Just as it requires more work to deliver a quantity 
of air at 25 lb. pressure than it does to deliver the same 
quantity at 10 lb. pressure (or to deliver 25 cu. ft. at any given 
pressure than to deliver 10 cu. ft. at the same pressure), so also 
does it require more energy or work to deliver 10 amp. or any 
other amperage at 115 volts than it does to deliver the same 
amperage at, say, 6 volts pressure. In any given case, multi- 
ply the volts by the amperes; the result is the> watts flowing in a 
circuit. The watt^ measures the total energy or power flowing 
in a circuit at any particular moment , just as horsepower denotes 
the energy developed by an engine. Indeed, horsepower and 
watts are merely two different ways of measuring or expressing 

past a given point in 1 second. That is equivalent to a flow of 6,280,- 
Q0Q.Q00 .Q00. QQ(^ 000 electrons per second past a given point. However, 
it is entirely safe to forget all about coidombs and electrons per second, 
except for those who intend to delve very thoroughly into basic elec- 
trical engineering — and even for those the exact figure is of more academic 
than practical interest. For those who are interested in comparing 
numbers as such, it may be interesting to note that the big number shown 
above, representing the number of electrons moving past a given point 
when a current of one ampere flows, is approximately two million times 
greater than the number that represents the number of seconds that 
have elapsed in the 1947 years since the beginning of the Christian era. 

1 The watt is named after one of the eighteenth century scientists, 
James Watt, the Englishman who invented the steam engine and origi- 
nally defined the horsepower. 
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rate of work or power; for 746 watts are always equal to 1 
horsepower. 

If a light bulb consumes 746 watts, it would be entirely 
correct to call it a 1-hp. bulb, although that method of designat- 
ing bulbs is never used. Likewise it would be entirely correct 
to state that a motor which has an output of 1 hp. has an output 
of 746 watts, although that method of designating power of 
motors is not used (except in the case of flea-power^' motors 
which are sometimes rated, for example, '^approximately 
watts output,” instead of being rated as hp-’O- 

should be noted however that a motor which delivers 1 hp, or 
746 watts of power actually consumes more nearly 1,000 watts 
from the power line. The difference between the 1,000 watts 
consumed and the 746 watts delivered as useful power is con- 
sumed as heat in the motor, to overcome bearing friction, to 
overcome wind resistance of the mOving parts, and similar 
factors. 

Again it should be noted that the electrical term is just 
"watts,” not "watts per hour,'' One would not say that the 
engine in an automobile delivers 80 hp. per hour; at any given 
moment it delivers 80 hp., the power that 80 horses would or 
could deliver at any one moment if working simultaneously. 
Both watts and horsepower denote a rate at which work is being 
done, not a quantity of work being done in a given time. 

From the ^ibove it should be evident that a given wattage 
may bo a combination of any voltage whatsoever and the 
correspondingly correct amperage. For example: 

3 volts X 120 amp. = 360 watts 
6 volts X 60 amp. « 360 watts 
12 volts X 30 amp, * 360 watts 
60 volts X 6 amp. « 360 watts 
120 volts X 3 amp. =» 360 watts 
360 volts X 1 amp. = 360 watts 

Carrying the illustration farther, a bulb in an automobile 
headlight consuming 10 amp. from a 6-volt battery consumes 
a total of 10 X 6, or 60 watts; a bulb consuming 3^ amp. from 
a 120-volt lighting circuit in a home consumes a total of 
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X 120, or 60 watts. The voltages and the amperages 
differ widely, but the wattages of the two bulbs are the same. 

This simple formula is not correct under all circumstances; 
the exceptions will be covered in a later chapter. 

Kilowatts. — Since a watt is a very small amount of energy, 
large quantities of power measured and stated in watts lead 
to rather unwieldy figures. Therefore the Greek word ^^kilo^’ 
is again used, one kilowatt (abbreviated ‘^kw.’O being 1,000 
watts, 10 kw. being 10,000 w^atts, and so on. 

Watt-hours. — The w^att merely indicates the total amount 
of electrical energy that is flowing at a given moment; it tells 
us nothing about the total quantity of electrical energy that 
has flo^ved during a period of time, just as knowing how hard 
a man is working at any given time is a useful bit of informa- 
tion, but of no value in establishing what the man should be 
paid for a day^s w^ork, if he did not work at a uniform rate dur- 
ing the entire day. Multiplying the watts flowing at one time 
by the number of hours during which this number of watts 
flowed gives us watt-hours ^ which definitely measures the total 
amount of electrical energy consumed or flowing during a given 
time. For example: 

10 watts X 1,000 hours = 10,000 watt-hours 
100 watts X 100 hours == 10,000 watt-hours 

1.000 watts X 10 hours = 10,000 watt-hours 

5.000 watts X 2 hours = 10,000 watt-ho]Lirs 
20,000 Wyatts X hour = 10,000 watt-hours 

Kilowatt-hours. — Once more the Greek ^‘kilo^^ is used, so 
that 1 kilowatt-hour (kw.-hr.) is 1,000 watt-hours, 20 kilowatt- 
hours is 20,000 watt-hours, etc. Power is paid for by the 
kilowatt-hour. 

Reading Meters. — Reading meters of the type shown in 
Fig. 2-1 needs no explanation. The most modem kilowatt- 
hour meters have a cyclometer dial, as shown in Fig. 2-2, and 
they are the most easily read. Older meters, like that shown 
in Fig. 2-3, have a register, shown in approximately full size in 
Figs. 2-4 and 2-5, with two different readings. There are four 
dials, on two of which the figures read from left to right in 
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clockwise fashion, on the other two in the opposite or counter- 
clockwise fashion. Simply write down the last number the 
pointer has passed on each dial, considering the direction in 
which the pointer moves. 

Refer to Fig. 2-4, and write 
down the proper numbers, as 
indicated by the pointers. 

The first (left-hand) pointer 
is between 2 and 3, so write 
down 2; the second is between 
7 and 8, so write down 7; the 
third is between 4 and 5, so 
write down 4; the last is be- 
tween 6 and 7, so write down 
6. This makes 2,746 and 
indicates that 2,746 kw -hr. 
of energy have been used 
since the meter was put into use. 



Weston Elec» Inst, Co» 
Fig. 2-1. — Meteis of this Upe are 
simple to road 


Now write down the readings in Fig. 2-5, which represents 
the same meter a month later. The first pointer presents no 


problem; write down 3. 
The second pointer, how- 
ever, points directly at 2; 
shall one write doivn 2 or 1 
If a watch had no minute 
hand but only an hour hand 
and that pointed to 4, hoi\ 



Westinghouse Elec, & Mfg. Co, 

Fig. 2-2. — This type of dial 
IS found on the most modern 
kilowatt-hour meter. 



Westinghouse Elec. <Sk Mfg, Co, 


!< iG. 2-3 — The ordinary meter for- 
meii> produced is a little harder to 
lead. 


would one know whether the time was 3:58 or 4:02? There 
would be no way of knowing However, the watch does have 
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a minute hand, and if it points to 2 min. before 12, it is 3:58; 
but if it points to 2 min. after 12, it is 4:02. In other words, 
the minute hand tells whether the hour hand has not reached 4 
or is a little after 4. Similarly on the watt-hour meter, look at 
the pointer on the dial to the right of the one that points 



Kig. 2-4. -Enlarged register of a kilowatt-hour meter, ilcad the figure the 
pointer has passed. The reading above is 2,746 kw.-hr. 



Fig. 2-5. — The meter now reads 3,207 kw.-hr. 


directly to a figure. If it has not reached 0, the pointer* to the 
left has not reached the figure to which it apparently points. 
In this particular case, the second pointer points directly at 2, 
but since the third pointer is between 0 and 1, the second one 
must point a little after the 2, so write down 2. The third and 
fourth pointers present no difficulty; write down 0, 7, making 
3,207 kw.-hr. The difference between 3,207 and 2,746, or 461 , 
obviously represents the kilowatt-hours used since the previous 
reading. 

Some meters used for measuring very large quantities of 
power may have a notation on the dials multiply by 10^^ or 
‘‘multiply by 100,^^ in which case the indicated kilowatt-hours 
must be multiplied by 10 or 100, as the case may be, to arrive 
at the correct number of kilowatt-hours used. 

Power Consumed by Various Devices. — It will be well to 
know the approximate power consumed by common everyday 
de^dces used in homes. These wattages are as follows: 
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Lamp bulbs 

T^to 

300 

Radios 

50 

to 

150 

Heating pads 

10 

to 

35 

Refrigerators 

200 

to 

275 

Vacuum cleaners 

150 

to 

400 

Food mixers 

150 

to 

250 

Fans 

25 

to 

100 

Sewing machines 

40 

to 

75 

Electric clocks 

1 

to 

3 

Christmas-tree lights (per string) 

25 

to 

50 

Flatirons, toasters 

600 

to 

1,000 

Waffle irons 

500 

to 

660 

Roasters 

600 

to 

1,500 

Portable heaters 

600 

to 

1,500 

Hotplates, per burner 

500 

to 

1,000 

Ranges (maximum heat, all burners) . 

4,500 

to 12,500 

Hot- water heater 

2,000 

to 

4,000 

Mangles 

1,000 

to 

1,500 

Sun lamps 

250 

to 

600 

Motors, hp 

250 

to 

300 

Motors, M hp 

450 

to 

500 


Figuring an Electric Bill. — The cost of electricity varies a 
great deal between localities, and also with the amount used 
per month. For residential and farm use it seldom falls below 
1 ct. and seldom rises over 10 cts. per kilowatt-hour. The 
average for the United States is well under 5 cts. per kilowatt- 
hour. Usually there is a step rate; the more power that is 
used per month, the lower the cost per kilowatt-hour. For 
example, a typical rate is as follows: 

First 60 kw.-hr 6 cts. per kilowatt-hour 

Next 40 kw.-hr 3 cts. per kilowatt-hour 

Over 100 kw.-hr 2 cts. per kilowatt-hour 

Assuming a monthly consumption of 461 kw.-hr., the total 
bill would be 


60 kw.-hr. ® 6 cts $ 3.60 

40 kw.-hr. ® 3 cts 1.20 

361 kw.-hr. @ 2 cts 7.22 

Total 461 kw.-hr $12.02 


Average per kilowatt-hour 


(approx.) 



AMP PAS/C PP/MC/PLPP 

To determine the cost of operating any electrical device for 
1 hr., multiply the watts consumed by the rate in cents per 
kilowatt-hour and point off five decimal places, giving the cost 
directly in dollars per hour. For example, assume a 1,000- 
watt flatiron at a rate of 5 cts. 1,000 X 6 = 6,000; pointing 
off five decimals gives 0.05000, or 5 cts. per hour. For a 
40-watt bulb the figures are 40 X 5 = 200; pointing off five 



Fig. 2-6. — Dry cells, no matter how large or small, develop 1 volts when new. 

places gives 0.00200, or cts. per hour, 5 hr. for 1 ct. The 
oven on a range may consume 1,800 watts, and at 2 cts. per 
kilowatt-hour the figures are 1,800 X 2 = 3,600; pointing off 
five decimals gives 0.03600, or a little over 3^ cts. per hour. 

To determine the number of hours any device can be oper- 
ated to consume 1 kw.-hr., simply divide 1,000 by the wattage 
of the device. Obviously a 1,000-watt bulb can be used just 
1 hr.; a 50- watt bulb, 20 hr.; a large motor consuming 2,000 
watts, hr. ; and so on. 

Conductors and Nonconductors. — When a bulb is connected 
through a piece of wire across the two terminals of a dry cell, 
as shown in Fig. 2-6, current flows for the bulb lights. Yet no 
current flows through the wax that is poured over the top of 
the dry cell, nor does it flow through the paper carton that 
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makes contact with the terminals of the cell during shipment. 
If a material will permit current to flow through it, it is known 
as a conductor'^; if it will not permit current to flow, it is a 
^'nonconductor** or "insulator.** 

Resistance. — Experiment has shown that, if the two ends 
of a piece of No. 10 wire (which happens to be 0.1019 in. in 
diameter), made of copper and exactly 1,003 ft. long, are con- 
nected to a source of electricity delivering exactly 1 volt, 
exactly 1 amp. of current will flow. 

If, however, a wire of exactly the same diameter and length but 
made of aluminum is substituted, then only amp. flows. 
Substitute iron, and the current drops still more, to about 
amp. Substitute a column of mercury, and the current drops 
to a very small fraction of its original value, about amp. 
In other words, different metals under identical circumstances 
permit different amperages to flow, or, stating it in a different 
way, different metals resist the flow of current to different 
degrees. The resistance is measured in ohms. A given 
length of wire or other conductor is said to have a resistance 
of one ohm^ if it permits exactly one ampere to flow when 
connected to a source of electricity delivering exactly one volt 

Ohm’s Law. — In a preceding paragraph it was shown that 
1 volt forces exactly 1 amp. to flow through different lengths 
of wire each made of different materials, but each with exactly 
1 ohm of resistance. Experiment shows further that, if the 
voltage is doubled, 2 amp. will flow; if it is 5 volts instead of 
1 volt, 5 amp. will flow. So long as other conditions remain 
constant, the amperage is in direct proportion to the voltage. 

Still further experiment shows that, if the voltage remains 
constant and the material in the wire is not changed but its 
cross-sectional area (not its diameter) is doubled, twice the 
amperage will flow. If the wire is increased to 5 times its 
original cross-sectional area, 6 times the amperage will flow. 
So long as other conditions remain constant, the amperage is in 

^ The ohm is named after Georg Simon Ohm, a German scientist of 
the early nineteenth century, who discovered the basic laws concerning 
resistance 
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direct proportion to the cross-sectional area of the wire. Remem- 
bering that doubling the diameter of a circle increases its area 
4 times, tripling the diameter increases the area 9 times, it is 
evident that, so long as other conditions do not change, 
doubling the diameter of a wire increases the amperage 4 
times, increasing the diameter 3 times increases the amperage 
9 times etc. 

The data given above pertain only when the wire in question 
is connected directly across a source of electricity. The con- 
clusion should not be reached that doubling the cross-sectional 
area of the wire used to connect a motor, for example, will 
double the amperage flowing through the motor. The wire 
used for connections is only a small portion of the total wire 
in the circuit ; the wire inside the motor must also be taken into 
consideration. 

The basic principles and definitions outlined in the preceding 
paragraphs make it easy to recreate the well-known formula, 
known as Ohm’s law, for calculating resistance, voltage, and 
amperage. If two of these factors are known, it is easy to 
calculate the missing one. The formula is 

Volts , 

T = ohms. 

Amperes 

For brevity, it is customary to use the standard symbols 
for these three factors: 

E for voltage. 

/ for amperes. 

72 for ohms. 

E 

The same formula then becomes y = R* If hy measure- 
ment the voltage is 10 and the amperage is 2, the resistance 
must be 6 ohms. Likewise, if the voltage is 110 and the 
amperage is 22, the resistance is 5 ohms. 

The formula can be transposed easily so that instead of 
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it becomes 


or the third form 

Divide the voltage by the amperes to find the ohms. Divide 
the voltage by the ohms to find the amperes. Multiply the 
amperes by the ohms to find the volts. 

C^areful inspection of the formula will confirm the facts 
pointed out in the previous paragraphs: 

Voltage being constant, reduce resistance (increase size of wire) to 
increase the amperage. 

Resistance (size and length of wire) being constant, increase voltage to 
increase amperage. 

Amperage being constant, reduce resistance (increase size of wire) to 
' })ermit lower voltage to be used. 

Dangerous Voltages. — Whether any given voltage is danger- 
ous to human life depends on a great many factors. Some- 
times a voltage as low as 115 is fatal, yet at other times 
individuals come in contact with much higher voltages and 
survive. The sensible course to follow is safest/ jir%i — assume 
that any voltage of 1 1 5 and upward is dangerous. In specific; 
cases, everything depends on such factors as the health of the 
individual, whether he is in contact with a grounded object, 
the amperage available along with the voltage, and many other 
factors. For example, the voltage involved when one touches 
a spark plug in a car is of the order of several thousand volts, 
yet results only in an unpleasant shock. It is a very brief 
shock; if the current were continued, it would perhaps be fatal 
for at least some individuals. 

Voltage Drop. — All conductors have resistance; it requires 
energy to force a current through them. Assume a motor 
connected through a long length of wire to a source of electric- 
ity. Connecting a voltmeter directly across the circuit 
of Fig. 2-7 will indicate the full voltage, probably 115 volts. 
The same meter connected directly across the motor will 


R ^ 


E = I X R. 
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indicate a lower figure, probably 110 volts. The difference of 
5 volts has been consumed in forcing the current through the 
we. 

The voltage that is lost in forcing current through the wire 
is known as “voltage drop.^’ It is wasted power so far as 
useful purpose is concerned; it merely heats the wires. Exces- 
sive voltage drop also is responsible for many other bad effects, 
Avhich will be discussed in Chap. 7. 



Fig. 2~7 . — This circuit illustrates voltage drop. 


Voltage drop is like lost pressure in a water hose. If a 
short hose is attached to a water faucet at the side of a house, 
water can be squirted, say, 50 ft. If a long length of hose is 
attached to the same faucet, one will be able to squirt only a 
lesser distance, say 35 ft. A pressure gauge might indicate 
35 lb. pressure at the faucet but at the end of the hose only 
20 lb, pressure. The difference is expended in forcing water 
through the hose, and it corresponds to voltage drop in a wire. 

The actual amount of voltage drop is easily calculated if the 
resistance of the wire and the amperage are known, using 
Ohm\s law, E = I X K. For example, if the amperage is 
and the resistance is 2 ohms, the voltage drop is 7)4 amp. X 2 
ohms, or 15 volts. 

From this it is equally simple to calculate the amount of 
power wasted. Remembering that watts = volts X amperes, 
the loss in the example of the previous paragraph is 15 volts 
X 7}4 amp., or 1123^^ watts. 

Assume now that in the same example the amperage is 
doubled so that 15 amp. flow instead of 7)4- The voltage drop 
now is 15 amp. X 2 ohms, or 30 volts. Doubling the amperage 
doubled the voltage drop. Calculating the wattage loss involved, 
30 volts X 15 amp., gives 450 watts. Doubling the amperage 
increased the wattage loss 4 times. The wattage loss in a 
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circuit is proportional to the square of the amperage. Current 
cannot be made to pass through a wire without some loss; but 
doubling the amperage of the load (which is the same as 
doubling the wattage so long as the starting voltage does not 
change) increases the wasted watts by 4 times; tripling the 
amperage increases the wasted watts by 9 times; etc. 

The formula for wattage loss has already been given as 

Wattage loss *= amperes X voltage drop. 

However, since voltage drop = amperes X ohms, substituting 
^‘amperes X ohms” for ‘Voltage drop” in the first formula 
gives this new formula: 

Wattage loss == amperes X amperes X ohms = I^R. 

This merely puts into formula form the statement of the 
previous paragraph that the wattage loss is proportional to the 
square of the amperage. 

Operating Voltage. — Previous paragraphs explained the 
fact that the greater the amperage in a wire, the greater the 
voltage drop, and the greater the wattage lost in the form of 
heat. From this it should be obvious that, in order to carry 
high amperages without undue loss, large sizes of wire are 
required. The greater the distance, the heavier the wire must 
be. Therefore it is distinctly advantageous to keep amperages 
as low as is practical. 

This, at least in theory, is simple, for any given wattage may 
consist of a low voltage mth high amperage, or a high voltage 
with low amperage. Therefore relatively high voltages must 
be used, automatically giving correspondingly low amperages. 

In practice, the actual voltage depends on the amount of 
power to be transmitted and the distance. In an automobile, 
while the wattage is fairly heavy at times, a battery of only 
6 volts is used, even if the amperage flowing through the 
starting motor when it is cranking the engine is as much 
as 250 amp.; this is practical only because the distance is so 
short. 

On a farm lighting plant usually a battery of 32 volts is 
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used. The distances are seldom over a few hundred feet, and 
the amperages are reasonable. 

For ordinary city residential lighting the voltage is usually 
115,^ while 'for ranges and water heaters it is 230 volts. For 
industrial purposes, where the wattages are great, voltages of 
440 and 550 are usually used. 

The distribution lines that run down the city alleys are 
usually 2,300 volts, but the main distribution lines are at still 
higher voltages, until, for long-distance cross-country distribu- 
tion, the voltages are over 100,000 volts. 

Three-wire Systems. — Since it is advantageous to keep 
amperages as low as possible in order to leduce voltage and 
wattage losses in the wires and to do away with the necessity 
of buying large size wire when a smaller size will do, and since 
this can be done by making the voltage higher, it would appear 
entirely logical to use a high voltage for all purposes. One 
might ask: Why not use, for ordinary house wiring, 230 volts 
or 500 volts, or higher 

First of all, the higher voltages require heavier insulation, so 
that wire becomes more expensive; the higher voltages are 
more dangerous in case of accidental contact. Another 
important consideration is the fact that in the manufacture of 
devices consuming relatively low wattage, under 100 watts, the 
wire used inside the device is often of almost microscopic 
dimensions, even when the device is for a voltage as low as 
115 volts. For example, the tungsten wire in the filament of a 
60-watt 115- volt bulb as manufactured today is only 0.0018 
in. in diameter; in a 3-watt bidb it is about 0.00033 in.- in 
diameter. If the device were for 230-volt use or for an even 
higher voltage, the wire would have to be still smaller, making- 
factory production and uniformity decidedly difficult. The 

^ The voltage is often referred to as 110 volts, although today actually 
it is usually either 115 or 120 volts, with the trend toward 120 volts. 
Throughout this book, whenever the terms ‘^115 volts’^ and “230 volts 
are used, they will mean the common voltages, whether they happen to be 
110 and 220, 115 and 230, or 120 and 240. 

2 To cover a space of 1 in., 3,000 such filaments would have to be laid 
side by side. 
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device would also be more fragile, and it would burn out more 
easily. The present common level of 115 volts is a compromise 
for lowest over-all cost of installation, operation, and purchase 
of devices to be operated. 

However, since the same home may use small devices con- 
suming from 5 to 500 watts, also appliances like electric 
ranges which may consume over 10,000 watts, it would be 
desirable to have available two different voltages, one rela- 
tively low for the low-wattage devices, and one relatively high 
for the high-wattage devices. Fortunately this can be simply 
done by using the 3-wire system, which provides both 115 and 



Ficr. 2-S. — With only three wires, two sepantte voltage's aie available. 

230 volts. Only three incoming wires are used and only a 
single meter. The 3-wire 1 15/230-volt system constitutes the 
ordinary system as installed in practically all houses and farms. 
The higher voltage is usually used for any single device con- 
suming over 1,650 watts. 

Figure 2-8 shows two generators, each delivering 115 volts; 
the two combined deliver 230 volts. Any device connected to 
either wires A and B or wires B and C will be connected to 
115 volts. Any device connected to wires A and C will be 
connected to 230 volts. In actual use the center or neutral 
wire B is usually white; the outer two or ‘‘hot’^ wires are black. 
Connect any device operating on 115 volts to one black and one 
white wire, and any device operating on 230 volts to the two 
black wires. (These colors are correct only on grounded- 
neutral systems; this will be explained in the chapter on 
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grounding. Practically all installations today have a grounded 
neutral.) 

Effects of Electricity. — The endless assortment of things 
that electricity does can, in great part, be broken down into 
forms or combinations of three basic effects: thermal, magnetic, 
chemical. 

The thermal effect of electricity is simply heat. A current 
cannot flow without causing some heat. Sometimes heat is 
not desired, as, for example, in the case of the unavoidable 
wattage loss referred to in the examples in the first part of this 
chapter. In an ordinary light bulb over 90 per cent of the 
current is wasted as heat, and less than 10 per cent is con- 
verted into light, but the light is not possible without the 
heat. In a toaster or flatiron the heat only is desired. 

The magnetic effect can be stated very simply. When a 
current flows through a we, the wire is surrounded by a 
magnetic field — the area immediately around the wire becomes 
magnetized. Bring a small compass near a wire that is 
carrying current and the needle will move just as it will when 
you bring it near an ordinary horseshoe magnet. Wrap a wire 
a numl)er of times around a piece of soft iron that is not in the 
least magnetic; during the time that a current flows through 
the wire, the soft iron becomes a magnet, weak or powerful 
depending upon such factors as the number of turns of wire and 
the number of amperes flowing. The moment the current 
stops flowing, the iron ceases to be magnetic. It is this 
property that causes doorbells to ring, motors to run, and 
telephones and radio loud-speakers to operate. 

The chemical effects are of great variety, including the elec- 
troplating of metals, the charging of storage batteries, and the 
electrolytic refinement of metals. 



CHAPTER 3 


TYPES OF CURRENT; POWER FACTOR; 

TRANSFORMERS 

As the student reads about electrical subjects, he will fre- 
quently meet the words “direct current and “alternating 
current,^' also “cycles’^; he will read about “single-phase/^ 
“2-phase,'' “3-phase," and “polyphase." These terms, while 
at first formidable and not at all understood by many people, 
really are fairly simple and easily understood, if only close 
attention is paid to their explanation. 

Direct Current. — If the ordinary direct-current voltmeter 
which was shown in Fig. 2-1 (such as is used for testing dry cells 
or radio B batteries) is connected to a battery, the pointer will 
swing sometimes to the right, sometimes to the left, depending 
on how the two terminals on the meter are connected to the 
corresponding terminals of the battery. Inspection will show 
that the two terminals of the meter are marked and 
“P" and “N," or “pos." and “neg.," all indicating 
positive and negative; the battery terminals are similarly 
marked. Only when the positive terminal of the meter is 
connected to the positive terminal of the battery will the 
pointer swing in the right direction. If on any source of 
electricity, whether battery or generator or other device, one 
terminal is positive, the other negative, and they never change, 
the current is known as “ direct current, " or “ D.C." Current 
from any type of battery is always direct current. 

Alternating Current. — Instead of the meter of Fig. 2-1, which 
has the 0 at one end of the scale, a zero-center voltmeter of the 
type shown in Fig. 3-1 may be used. This meter is the same 
as the first except that the terminals are not marked “pos." 
and “neg." If connected to the two terminals of a battery 
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in one way, the pointer will swing to the left; if connected the 
other way, with the terminals reversed, the pointer will suing 
to the right. The meter is equally easy to read whether the 
pointer swings to the right or to the left, and it provides the 
additional convenience that it is not necessary, before con- 
nection is made, to investigate carefully which is the positive 

and which is the negative ter- 
minal. 

Assume that such a zero- 
center voltmeter is connected 
to a pair of wires of unknown 
voltage and type of current. 
Observe the pointer carefully; 
it never comes to rest but 
swings from left to right, then 
back to left, and keeps on going 
through the cycle. Follow the 
pointer starting from the 0 at 
the center. 

It starts swinging toward the 
right, first rapidly, then more 
slowly, until it reaches a maximum of about 1621^ volts, in 
exactly 15 sec. Then it starts dropping back toward 0, first 
slowly, then rapidly, until in 15 sec. more it is back at 0. It 
does not stay there but keeps on swinging toward the left, 
and in 15 sec. more it reaches the extreme left at 162*^ volts, 
the same relative position as it originally had at the right. 
Again it swings back toward the right, and in 15 sec. more, 

1 min. from the starting point, it is back where it started 
from — the 0. 

It performs this same procedure indefinitely, every minute. 
The voltage is never constant, is always changing, from 0 to a 
maximum of 1623^^ volts, first on the positive side, then on the 
negative. Current in which any given wire regularly changes 
from positive to negative, not suddenly but gradually as 
outlined above, is known as ^'alternating current,^' or "A.C.^^ 

If the data just observed are plotted, the actual voltage against 



Weston Elec Inst. Co, 
Fig 3-1 — The voltmeter above 
lb the same as that in Fig 2-1, except 
that the zei o is in the center of the 
scale. 
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the time, they will produce a chart such as is shown in Fig. 3-2. 
This portrays one cycle of alternating current 
Alternating current i f considered a t any J^d momen ta 
m fhfir then over an intervaLxif time, is still direct current. 
Alternating current may be defined as a current of regularly 
fluctuating voltage and regularly reversing polarity. 



Fia. 3-2. Thib leprescnts one cycle of alternating current. The voltage 
fluctuates regularly from zero to maximum to zero, and each wire alternates 
regularly and continuously between positive and negative. 

Frequency. — Alternating current which takes a full minute 
to go through the entire cycle (from no voltage to maximum 
voltage on positive side, back to 0, to maximum voltage on 
negative side, back to 0) Avould be known as ‘^1 cycle per 
minute.” There is no such current in actual practice; actu- 
ally in ordinary 60-cycle alternating current, as used in per- 
haps 98 per cent of all wired American homes and industrial 
establishments, all this change takes place at the rate of 
60 times per second, much too fast to be observed by an 
ordinary voltmeter. Such current is then said to have a 
frequency of 60 cycles, the “per second being understood. 
In the United States practically all current is 60-cycle, and the 
few remaining 25-, 40-, and 50-cycle installations are rapidly 
being changed over to 60-cycle. In foreign countries, 50-cycle 
current is more common, but various other frequencies are also 
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in commercial use, some as high as 133 cycles. In the United 
States, 180-cycle current is in common use in some industries, 
for special applications, and 400-cycle current for operating 
portable electric tools is coming into use. During World 
War II much military equipment was operated on frequencies 
of 400, 500, and 800 cycles per second. Metal-hardening 
equipment operating at 9,600 cycles is under discussion. 
The advantages of the higher frequencies lie chiefly in the 
fact that motors and transformers of any given output become 
smaller and smaller in size as the frequency increases. 

It might here be well to remember that ‘^kilo^^ means 
‘thousand when a radio receiver is tuned to a station 
operating at 1,250 kilocycles (abbr. kc.), it means that the 
signal coming into the receiver is alternating current of 
1,250,000 cycles per second. If the receiver is tuned to 
a short-wave station operating at 40 megacycles (‘‘mega’^ is 
Greek for million’^), it means that the signal is alternating 
current of 40,000,000 cycles per second. 

Voltage of Alternating Current — In the curve of Fig. 3-2 
the voltages range between 0 and 162}^ volts. If a light 
bulb rated at 115 volts is connected to a circuit of such varying 
voltage (1 cycle per minute), it will burn far more brightly 
than normal while the voltage is above 115 volts, less brightly 
than normal while the voltage is under 115, and part of the 
time the bulb will not light at all, because the voltage is very 
low, or even zero twice during the cycle. Flickering would be 
extreme and unendurable. However, in the case of the ordi- 
nary 60-cycle alternating current, all this change of voltage 
takes place twice per cycle, 120 times every second. TJ^ 
filament of a light bulb does not have time to cool off durii^ 
the very short penc^s of time w hen no voltage is impressed 
on it, which is the chief reason for lack of observable'' flicker. 
In the case of very small bulbs which have very thin filaments 
that can cool off quickly, operated on 25-cycle current which 
is still found in a few localities, a noticeable and annoying 
flicker is present. 

The rated voltage of an alternating-current circuit is an 
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averaged value between 0 and the peak voltage and in the case 
under discussion is 115 volts. ^ An alternating-current 
voltmeter connected to the circuit will read 115 volts. A 
circuit fed by a 11 5- volt alternating-current source will light a 
115-volt bulb to the same brilliancy as a circuit fed by a 
11 5- volt direct-current source. 

Alternating Current and Motors. — Alternating current as 
discussed up to this point is single-phase” alternating 



Fig, 3-3. — Three cyoles of alternating current. All the changes shown take 
place in 3^0 o** Mo 

current. In foreign countries it is frequently designated 
'^monophasic” current. When applied to a motor, remember 
that it magnetizes the steel poles of the motor every time it 
builds up from zero to peak voltage, or in other words 120 
times per second, as shown in Fig. 3-3, which shows three 
consecutive cycles of 60-cycle current. At the top is indi- 
cated the duration between cycles, or sec. At the bottom 
is indicated the time between alternations, or J^20 sec. 
One might say that the motor is given a push 120 times a 
second, just as a gasoline engine is given a push every time 
there is an explosion in the cylinder. Offhand, 120 times per 
second may seem fast enough for any purpose, but remember 
that an ordinary motor runs at 1,800 r.p.m., which means that 
the rotor (the rotating part) makes 30 revolutions every 
‘The rated voltage is 0.707 of the peak voltage; the student will 
recognize 0.707 as H y/2. From this it is evident that the peak voltage 
is rated voltage times y/2. 
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second. In turn this means that the 120 pushes per second 
become only 4 pushes per revolution; if the motor is a large 
one the rotor or armature may be 12 in. in diameter, over 
36 in. in circumference, which in turn means that the rotor has 
to turn about 9 in. between pushes. 



I'lG. Two-phast* alternating current is merely two separate circuits 

of single-phase current, but the maximum voltage in one comes when there 
is zero voltage in the other. 

In an ordinary 1-cylinder 4-cycle gasoline engine, running 
at 1,800 r.p.m., there is an explosion in the cylinder every 
other revolution, or 900 times every minute, or 15 times every 
second. The crankshaft gets a push 15 times every second. 
If more pushes are needed every second to secure smoother 
operation, or more power, it is simply done by using more 
cylinders: two or four, or as many as needed. Ilow is this 
to be done in the case of an electric motor? Fortunately it is 
rather simple. 

Two-phase Alternating Current. — It can be done by putting 
into the motor two separate windings not connected to each 
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other in any way, but each connected to a separate source of 
single-phase alternating current. The two separate sources 
of current must be so designed that the peak voltage of one 
comes when there is no voltage in the other; then the motor 
will receive twice as many pushes as before. Figure 3-4 shows 
the voltage curves of the two separate sources. At the top 
again is indicated the duration between cycles in each separate 
source: sec. At the bottom again is indicated the time 

between pushes from the two separate sources combined, now 



Fig. 3-5, — Two-pha«o generator connected to 2-phase motor. 


}'' 24:0 sec. That is 2-phase current, and it is nothing more or 
less than two separate sources of single-phase alternating 
current so arranged that the peak voltage of one comes when 
there is minimum or zero voltage in the other. 

Figure 3-5 shows this diagrammatically — generator A and 
inside the motor winding A , and also generator B and inside 
the motor ending 5. In practice it would be impossible to 
make two separate generators run at such a precisely uniform 
rate that the peak voltage of one would always coincide with 
the zero voltage of the other; instead a single generator is used 
with two separate windings so that automatically the peak 
and zero voltage of each winding come at precisely the right 
moment. 

Each phase is carried on separate wires although in practice 
two of the wires may be combined; more will be said about this 
later. 
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Three-phase Current — Instead of the 2-phase current just 
described, which doubles the number of pushes the motor of the 
foregoing example receives every second, 3-phase current, 
which triples the number of pushes, can be used. It boils 



Fig. 3-6. — Three separate single-phase circuits combine to form 3-phase 

current. 


down to three different windings in a generator so designed 
that the peak voltages in the three windings come equally 
spaced, as indicated in Fig. 3-6. 

Here again the time per cycle is sec. in any one winding , 

but looking at the bottom of the diagram one sees that the 
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pushes from the three windings combined are only sec. 

apart. Note that the pushes are imparted by each of the 
three windings in turn, at the moments of peak voltage, 
as shown by the dotted lines from the peaks to the bottom of 
the diagram. It should not be imagined that these pushes 
are abrupt impacts; rather they are gradual pushes that 
start slowly and build to a maximum as the voltage builds up. 



Fig. 3-7. — Three-phaac generator connerted to 3-phase motor. 


Figure 3-7 show s a pictorial presentation of a 3-phase motor 
connected to three single-phase generators, which in combina- 
tion become one 3-phase generator. The diagram shows three 
pairs of wares, but in practice these become only three wires, 
sometimes mth the addition of a fourth grounded wire. This 
will be discussed in more detail later. 

Pol 3 rphase Current. — When a current is either 2-phase or 
3-phase, it is known as polyphase^’ current (from the Greek 
word “poly meaning “many''). It is also known as “multi- 
phase" current. With a few rare exceptions, polyphase 
current is never found in homes, but it is the general type of 
current employed for conunercial and industrial uses for 
operating motors and similar devices. Even in those estab- 
lishments, single-phase current is also found for lighting 
purposes and operating small miscellaneous devices. The 


3-phase current is common; the 2-phase is used in only a few 
cities. 

Abbreviation. — The word ‘ ^ phase is usually abbreviated 

the Greek letter pAi. 

Volt-amperes. — The previous chapter contained the formula 
volts X amperes = watts. That formula is always correct in 
connection with direct current, but in connection with alternat- 
ing current it is not correct because of power factor, which will 
be discussed in the next paragraph. Before that can be 
discussed, it is necessary that the term “volt-amperes^' be 
understood. 

In single-phase work^ volt-amperes = volts X amperes. 

In 2-phase work^ volt-amperes = 2 X volts X amperes. 

In 3-phase work^ volt-amperes = 1.73 X volts X amperes. 

Kilovolt-amperes. — 1,000 volt-amperes is 1 kilovolt-ampere, 
abbreviated kva. If the power factor of the load happens to 
be 100 per cent, then and only then is one kilovolt-ampere the 
same as one kilowatt (kw.). 

Power Factor. — To explain just what power factor is must 
be left to any good book on electrical engineering. An 
explanation of how to measure it and a general idea of its 
importance are simple enough to be covered here. 

When any device whatever is connected to a direct-current 
line, together with an ammeter, a voltmeter, and a wattmeter, 
the product of the volts and the amperes is without exception 
equal to the reading of the wattmeter. If, however, the same 
experiment is made on an alternating-current circuit, some- 
times the same is true, sometimes not. 

Whenever on an alternating-current circuit measurements 
show that the product of the volts and the amperes is exactly 
equal to the wattmeter reading, the device that constitutes 
the load is said to have a power factor of 100 per cent. Into 
this classification fall lamp bulbs, most appliances that gener- 
ate only heat, and in general all noninductive devices, that is, 
those that do not involve windings of wire around a steel core. 
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If the product of volts times amperes u greater than the 
reading of the wattmeter, then the power factor is less than 
100 per cent. 

Power factor is abbreviated P.F.; it is referred to also as 
“cos It is defined as the proportion between the real or 
measured watts (also known as “effective power’’) and the 
volt-amperes (also known as “apparent watts”). The for- 
mula is simply 


Power factor = 


watts 

volt-amperes 


Measuring Power Factor. — To measure power factor we 
need only a voltmeter, ammeter, and wattmeter. Assume a 
small single- phase motor on a circuit of 115 volts, consuming 
6 amp. as indicated by the ammeter and 345 watts as indicated 
by the wattmeter. The formula then becomes 


Power factor = 


5 X 115 575 


or 60 per cent. 


In the case of a 3-phase 230-volt motor consuming 12 amp., 
the volt-amperes are 1.73 X 230 X 12, or 4,775. If the 
wattage as indicated by the wattmeter is 3,950, 

Power factor = or 82.3 per cent 
4 , / / o 

Generally speaking, the power factor of a motor improves 
(increases in percentage) with the increase in horsepower of the 
motor and also varies considerably with the type and quality 
of the motor in question. It may be as low as 50 per cent for 
small fractional-horsepower motors, and over 90 per cent for a 
25-hp. motor. 

Watts in Alternating-current Work. — The correct formula 
for use in connection with alternating-current work is 

Watts = volt-amperes X power factor. 

In using this formula do not overlook the fact noWfes 

^ Cosine phi. 
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is 2- or 3-phase, the product of the voltmeter and ammeter 
readings must be multiplied by 2 and 1.73, respectively. 

Desirability of High Power Factor.— Assume that a factory 
is using 100 amp. of single-phase power at 230 volts, a total of 
23,000 volt-amp., or 23 kva. If the power factor is 100 per 
cent, this is equivalent to 23 kw. At 5 cts. per kilowatt-hour, 
the power company receives $1.15 per hour for the total power. 

Now assume a second factory also using 100 amp. at 230 
volts, but with a power factor of only 50 per cent. That is 
still 23 kva. but only 11.5 kw., and at 5 cts. per kilowatt-hour 
the power company now receives only 57^ 2 cts. per hour. 

Since it is the kilovolt-ampere load that determines wire 
size, transformer and generator size, and similar factors, and 
since each factory uses the same 23 kva., the power company 
must furnish Avires just as big for the factory where they arc 
paid 57^^ cts. per hour as for the one where they are paid 
$1.15 per hour; they tie up just as much transformer capacity, 
generator capacity, and all other equipment for the one as 
they do for the other. 

It is natural, therefore, that power companies, when fur- 
nishing power to establishments where the power factor is low, 
not only charge for the kiloA\ att-hours consumed, but also 
make an extra charge based on the kilovolt-amperes used 
during the month or other period in question, as compared 
with the kilowatt-hours used. Since with a constant load in 
watts the volt-amperes decrease as the power factor increases, 
it is definitely in order to watch the power factor very care- 
fully. Few installations attain 100 per cent power factor, 
and feAV fall as low as 50 per cent. The over-all power factor 
in an industrial establishment is generally determined b}^ the 
electric motors in use, although other devices also contribute 
their share. 

Power-factor Correction. — The theory covering power- 
factor correction is entirely beyond the scope of this book but 
can be found in any good book on electrical engineering. The 
actual correction is accomplished by means of capacitors or 
synchronous motors; the required calculations should be made 
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by one thoroughly familiar with the subject. Correcting the 
power factor not only reduces the charges for power consumed^ 
but carries with it many other advantages, including, usually, 
higher efficiency of electrical machinery because of reduced 
voltage drop. 

Transformers. — When it is necessary to transmit thousands 
of horsepower of electrical energy over a considerable distance, 
wire large enough to transmit it at, say, 115 or even 230 volte 
would have to be so big that the cost would be entirely pro- 
hibitive. If a relatively small wire and a much higher voltage 
are used, the voltage will be so high as to be dangerous in the 
final consumption and there will be many other disadvantages. 

It would be most convenient, therefore, to have a way of 
changing current from one voltage to another as required. 
In the case of direct current there is no simple, efficient device 
available, but for alternating current there is fortunately 
available a simple and efficient device that does just that — the 
transformer. 

If an electric current flows through a wire that is wrapped 
around a soft iron rod or core, the core becomes a magnet as 
long as the current flows. The experiment can be simply 
made by wrapping a couple of dozen turns of insulated wire 
around an iron bolt; connect a dry cell to the two ends of the 
wire, and the bolt becomes a magnet as long as the dry cell is 
connected (see Fig. 3-8). Magnetic lines of force surround the 
wire and build up in the iron core. The moment the dry cell 
is disconnected, the bolt loses practically all its magnetism. 

With a good galvanometer (which is a very sensitive direct- 
current voltmeter), this next experiment is simply made. 
Discard the dry cell, and connect the two ends of a coil with 
at least several hundred turns of wire to the two terminals of 
the galvanometer (see Fig. 3-9). Push the iron bolt suddenly 
into the coil, or pull it suddenly out; nothing happens. Then 
use a permanent magnet of any type; a 10-ct. horseshoe magnet 
will serve the purpose. The more powerful the magnet, the 
easier it will be to make this demonstration. Push one leg 
of the magnet suddenly into the coil, and the needle on the 
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galvanometer, if sufiiciently sensitive, will move, then drop 
back to zero. As long as the magnet is stationary inside the 
coil, nothing happens. Pull the magnet out suddenly, and 
the galvanometer needle will again move, but in a direction 
opposite to that taken when the magnet was pushed into the 



.IiG. 3-8. — When current flows Fio. 3-9. — Pushing a magnet into 
through a wire wrapped around an the coil generates a current indicated 
iron bolt, the bolt becomes a magnet. by the voltmeter. This is the sim- 
plest possible electrical generator. 

coil. The more turns of wire in the coil, the easier it will be 
to perform this experiment. 

This demonstrates that, whenever there is a change in the 
magnetism in the space occupied by a coil of wdre, electricity 
flows in the wire; if magnetism of a constant nature is there, 
nothing happens. 

Bulb fo limit 



Fig. 3-10 . — X very crude transformer. 


Consider now what will happen if 60-cycle alternating cur- 
rent is connected to the two ends of the coil of wire around 
the bolt. The voltage in the alternating current applied to 
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the coil changes 120 times every second from zero to maximum 
to zero. Therefore 120 times every second the bolt besjcomes a 
magnet, and 120 times every second it loses its magnetic 
power, as the voltage in the circuit builds up from zero to 
maximum and then drops back to zero. Consider now a 
contraption like that in Fig. 3-10, where again an iron bolt is 
used and on it two coils of wire, A and J5, not connected to 
each other in any way. To coil A is connected a source 
delivering 60-cycle alternating current; a bulb is connected 
in series with it to limit the current. The other coil is con- 
nected to a very sensitive alternating-current voltmeter. 



Fig. 3-11. — Still a crude traiibforiner, but much more efficient than the one 
shown in Fig. 3-10. 

Remember that, whenever a magnet was moved inside the 
coil in the first experiment, electricity flowed in the coil. 
Remember also that, with 60-cycle current flowing through 
coil A, the bolt becomes a magnet, then becomes just a plain 
iron bolt, 120 times every second. That is exactly the same as 
inserting and removing a magnet into coil B 60 times per 
second; accordingly, alternating current will flow in coil B, and 
the voltmeter, if it is sensitive enough, will show it. The 
device is a transformer, which transfers current from one coil 
to another coil not connected to it. 

The device described is exceedingly crude. If a longer bolt 
is used, and bent into the form of a complete circle, as shown 
in Fig. 3-11, it will be much more efficient and more current 
will flow in coil B. 

In commercial use, solid cores like the bolt would be imprac- 
tical because solid cores heat excessively. Instead, thin sheets 
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of a special grade of iron are used, cut in IT sections, which 
can later be stacked into a core, usually of rectangular shape, 
generally mth the two coils over opposite legs. Many vari- 
ations are possible, but for showing the principle, the type 
shown in Fig. 3-12 will serve the purpose. The coil to which 
the power is applied is called the ^'primary the other coil 
from which the power is taken is called the “ secondary. 




Fig. 3-12. — This show.^ the general construction of transformers. 

An interesting demonstration transformer is described in 
the June, 1946, issue of Electricity on the Farm magazine, and 
illustrated in Fig. 3-13. Wind 150 turns of insulated bell wire 
or similar wire, about No. 18 in size, around one end of a 
heavy iron bar or bolt. This is the secondary; connect the 
ends of this winding to an ordinary flashlight bulb. On the 
other end of the bar, wind 50 turns of the same wire, this 
constituting the primary. Connect one end of the primary 
to a coarse file, the other end to one terminal of an ordinary 
dry cell. Connect a length of wire to the other terminal of the 
dry cell, and bare the opposite end of the wire but do not 
connect it to anything. Rub the bared end of this wire 
rapidly along the file. 

The flashlight bulb will light, even if there is no connection 
between the two coils of wire. The dry cell is direct current, 
and direct current cannot be used ordinarily to operate 
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transformers. However, rubbing the bare end of the wire 
along the teeth of the file causes the direct current to be 
frequently interrupted, so that there will flow in the primary 
an interrupted direct current, approximating one-half of an 
alternating current. Such a circuit would be impractical for 
handling any substantial amount of power, but it does 
demonstrate the principle of the transformer. 



I5C turns 50 turns 

Fig. 3-13. — This circuit demonstrates further the principle of the transformer. 

Transformer Ratios. — If the primary of a properly designed 
transformer is connected to a source of alternating current 
of the voltage for which the primary was designed, and of 
practically unlimited power, but if the two ends of the second- 
ary winding are not connected to anything or to each other, 
practically no current will flow in the primary. If however a 
load (lamp bulbs, appliances, motors, etc.) is connected to the 
secondary, then just as much current Avill flow in the primary 
as is required to deliver the required wattage to the secondary, 
but no more (assuming of course that the capacity of the 
transformer is adequate to the load connected to it). 

Experiment shows that, if the primary has as many turns 
of wire as the secondary, the voltage and the amperage that 
can be made to flow in the secondary m\\ be exactly the same 
as the voltage and the amperage in the primary, minus a 
small percentage because a transformer is not 100 per cent 
efficient. It would be more correct to say that the voltage 
of the primary and the secondary will be the same, and the 
amperage flowing in the primary from the power line adjusts 
itself to the amperage demanded in the secondary by the 
nature of the particular load connected to it. 

If the secondary has twice as many turns as the primary, 
the voltage in the secondary will be twice that of the primary, 
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but the amperage will be only half as great. If the secondary 
has 10 times as many turns as the primary, the voltage in the 
secondary will be 10 times that of the primary, but the amper- 
age will be only one-tenth as great. By reversing the pro- 
portions and having fewer turns in the secondary than in the 
primary, it is equally simple to step the voltage down, instead 
of up; the amperage, of course, will go up as the voltage goes 
down. The volt-amperes in the secondary are always equal 
to the volt-amperes in the primary minus a few per cent, 
depending on the efficiency of the transformer. 

The minimum number of turns must be kept within the 
limits that experiment has shown lead to the greatest efficiency, 
and wire sizes in both primary and secondary must be chosen 
to carry the amperages involved. The smallest transformer 
usually found is the ordinary doorbell type, costing under a 
dollar, which steps 11 5- volt alternating current down to about 
8 volts for operating doorbells and similar equipment; the 
largest are so big that there is difficulty finding railway cars 
sturdy enough to transport them. 


Tro/ns- Trans- Trans- 
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Fig. 3-14. — Power is generated at a reasonable voltage, stepped up to a 
higher voltage for transmission over a distance, and then stepped down to 
the working voltages. 


Well-built transformers are very efficient, and, generally 
speaking, the larger the transformer, the greater the efficiency. 
In very large transformers it is possible to recover from the 
secondary over 99 per cent of the power applied to the primary. 

Practical Use of Transformers. — In a large generating 
station, power is generated at, say, 2,300 volts. Then it is 
fed through transformers and stepped up to, say, 23,000 volts 
for transmission over a distance. At the point where it is to 
be distributed, it is again fed through a transformer and 
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stepped down to a more reasonable figure, often 2,300 volts, 
which is usually the voltage at which it is transmitted in the 
lines running down city alleys. At strategic spots it is stepped 
down by another transformer to 115/230 volts, at which figure 
it is used (see Fig. 3-14). Actually the voltage at which the 
power is generated varies a great deal, as does the maximum 
voltage to which it is stepped up, this depending upon the 
amount of power involved, the distance over which it is to be 
transmitted, etc. Frequently, voltages considerably in excess 
of 100,000 volts are used. 

Series^ parallel Connections. — It is the usual practice in 
power and lighting transformers to have both the primary and 
the secondary consist each of 
two separate coils. When 
the two primary coils are 
connected in series, as shown 
in A of Fig. 3-15, the pri- 
mary will be suitable for con- 
nection to a 4,600-volt fine; 
reconnected in parallel, as 
shown in 5, the transformer 
becomes suitable for 2,300 
volts. Likewise, the two 
secondary sections may be connected in parallel to deliver 
115 volts, as shown in A, or in series to deliver 230 volts. 
More usually the secondary coils are connected in series, with a 
tap at the mid-point, forming the common 3-wire 115/230-volt 
system, as shown in J5. Any given transformer, when the 
secondaries are connected in parallel to deliver 115 volts, will 
deliver twice the amperage that it vaW on 230 volts. 

Use on Alternating Current Only. — Considering the dis- 
cussion in the first paragraphs on the subject, it should be 
superfluous to state this, but let it be repeated: a transformer 
operates only on alternating current. 

Two-phase Transformers. — ^A 2-phase transformer bank 
consists simply of two separate single-phase transformers. 
If a total of 20 kva. of 2-phase power is needed, two single- 



•‘Primary 

c- 





N5v. 




Fig. 3-15. — By oonnecting the wind- 
ings of transformers in series or paral- 
lel, the same transformer serves for 
two different voltages. 
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phase 10-kva. transformers are used. They may be con- 
nected simply as two separate transformers not connected to 
each other in any way, as shown in Fig. 3-16 (secondaries only 
are shown for simplicity in this and the next four figures). 


PhofSG A 


^ PhaseB 

Fig. 3-16. — Two-phase 4-wire sep- 
arate-phases method of connecting 
2-phase transformers. 

This makes what is known as the ‘‘2-phase 4-wire separate- 
phases'' installation. 

Frequently, the ends of the two secondaries are joined 
together, making the 2-phase 3-wire system. This is pictured 
in Fig. 3-17. The common wire that carries wire for both 
phases is frequently grounded. 

The system in which the mid-points of the two secondaries 

are joined together, making 
the 2-phase 4-wire system, is 
also used. It is pictured in 
Fig. 3-18. Note that if the 
words “separate phases" are 
not included but the desig- 
nation is simply “2-phase 4- 
wire," the system of Fig. 3-18 
and not that of Fig. 3-16 is de- 
scribed. Often a fifth wire is 
brought out from the mid- 
point of the secondaries and run to the various 2-phase devices 
operated, as shown by the dotted line in Fig. 3-18. This 
then becomes the 2-phase 6-wire system. The fifth wire is 
usually grounded. 

Three-phase Transformers. — 3-phase transformer bank 
consists of three separate single-phase transformers. The 
secondaries of these transformers, one for each phase, may be 
connected in a variety of ways. The delta scheme shown in 



Fig. 3-18. — Two-phase 4-wire 
method of connecting 2-phase trans- 
formers, Adding the wire shown in 
dotted lines makes it the 2-phase 
5-wire system. 



Phase A 


PhaseB 


Fig. 3-17. — Two-phase 3-wire 
method of connecting 2-phase trans- 
formers. 



TYPES OF CURRENT; POWER FACTOR 


51 


Fig. 3-19 formerly was the most common; frequently one of the 
wires is grounded. In new power lines today the star or Y 
scheme, as shown in Fig. 3-20, is more frequently used; usually 
there is a fourth wire, the grounded neutral as shown in dotted 
lines. This system has many advantages, the detailed dis- 
cussion of which belongs in a textbook of electrical engineering. 

There is one point of comparison that should be noted. 
First of all, in any 3-phase system, single-phase current is 



Fig. 3-19.- -Delta method of oon- Fio. 3-20. — Star oi Y method of con- 
necting 3-phase transformers. necting 3-phase transformers. 


available by simply connecting across any two wires. In the 
delta system, if the 3-phase voltage is 230, the single-phase 
voltage is also 230. By leading a fourth \rire back to the mid- 
point of that transformer secondary which serves the two wres 
to be used for single-phase current, 11 5- volt single-phase is 
also made available. However, the middle one of the three 
wires of such a 115/230-volt system is usually grounded. 
Sometimes in a 3-wire 3-phase system one of the wires of the 
system is already grounded. If there is one grounded wire 
at the end of one of the transformer secondaries and the fourth 
wire whi(;h leads to the mid~point of the same transformer 
secondary is also grounded, one-half of that secondary is short- 
circuited. A delta system providing both 3-phase and single- 
phase power may therefore provide a distinct grounding 
problem. Consult the power company or your inspector in 
case of doubt. 

In the star or Y system already described, and shown in 
Fig. 3-20, the 3-phase voltage instead of being 230 volts is 
usually 208 volts. The single-phase current available across 
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any two of the wires (not including the neutral wire) is also 
208 volts. However, the single-phase voltage between the 
neutral wire and any of the other three wires is 120 volts. 

At first glance this may seem all wrong for, if the voltage 
between wires A and B in Fig. 3-20 is 208 volts, the voltage 
between the neutral wire and either A or B might be expected 
to be one-half of 208, or 104 volts, instead of 120 volts as 
previously stated. Remember, however, that in 3-phase 
current, the voltage comes to a peak or maximum at a different 
time in each phase. While the voltage in secondary A is 120 
volts, that in B is 88 volts, so that across wires A and B there 
is a voltage of 120 + 88, or 208 volts. The system therefore 
has the advantage of making it possible to transmit over only 
four wires (including a grounded neutral) 3-phase power at 
208 volts, single-phase power at 208 volts, and single-phase 
power at 120 volts. Quite frequently in a home, instead of 
providing the usual 115/230-volt 3-wire system, three wires 
of the star-connected system (the neutral and any other two 
wires of Fig. 3-20) are provided, thus furnishing 120 volts for 
lighting and 208 volts (instead of the usual 230 volts) for water 
heaters and similar large loads. 

Autotransformers. — An autotransformer can be defined as 
a transformer in which a portion of the turns are common to 


A 



o 

o 

o 
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Fig. 3-21. — In an autotransformer some of the turns are common to both 
primary and secondary. 

both primary and secondary (see Fig. 3-21). Let there be a 
tap at the mid-point of the coil so that, although there are, for 
example, 1,000 turns of wire between A and C, there are only 
500 between B and C. The entire coil A to C may then be 
considered the primary, those turns from BioC the secondary. 
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Whatever the voltage across A to C, the voltage across B to C 
will be exactly half. The tap may be at any point in the coil. 
The voltage across B to C, as compared with the total voltage 
across A to C, will always be proportional to the number of 
turns from B to C, as compared with the total number of 
turns from A to C. This type of construction is somewhat 
less expensive than the usual two-coil type, but it is rarely 
employed as its use in general is prohibited by the Code with 
certain exceptions, notably in connection with motor-starting 
devices. 



CHAPTER 4 


BASIC DEVICES AND CIRCUITS 

In order to assemble properly and intelligently the great 
number of available electrical devices to form a complete wiring 
system, it is necessary to understand the basic principles 
regarding electrical devices and electrical circuits. 

In order that the electric current produce an effect, it is not 
enough that the current merely flow up to the device that is 
to be operated; the current must flow through it. In other 
words, there must be two wires from the starting point to the 
device. The electric current can be compared to a series of 
messengers who start from some given point (the generator of 
an electrical system), make a trip to their destination (the 
device to be operated), and return to the starting point before 
their errand is completed. The wires can be considered the 
streets over which they travel, only they must be considered 
one-way streets; the messengers must go out on one, return 
over a different street (wire), because there are millions of 
them. As a matter of fact, an electric current can be con- 
sidered as consisting of many millions of billions of such 
messengers per second for every ampere flowing.^ 

Bulbs. — The most common electrical device is perhaps the 
light bulb. According to strictly correct terminology, the 
device should be called a “lamp,” and the glass portion only 
should be called the “bulb,” but since almost everybody calls 
the complete devices bulbs, that term will be used in this book 
too. The bulb consists essentially of a filament which is a 
wire made of tungsten having a very high resistance and a very 
high melting point. This makes it possible to heat the wire to 
a very high heat and still have it last. The filament is sus- 

^ See footnote, 2 p. 15. 
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shell of the base on the bulb. When a bulb is screwed into 
such a socket, the current will flow in at one terminal, through 
the filament, and out again at the other terminal. 

Circuits. — Used in a general sense, as it will be in this 
chapter, a circuit is any combination of wires and devices which 
mil permit electricity to do its work. Perhaps the words 
“hookup” or “wiring diagram” would be more descriptive. 
Only the basic devices necessary to make the combination of 
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orbakeUfe"^ 

Terminal A 
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ikjfshell — 
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{Terminals 
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Fig. 4-3. — Crosb-boctioii of the cleat receptacle bliowii in Fig. 4-2. 


devices work will be included in this chapter; the supple- 
mentary devices such as conduit, outlet boxes, switch plates 
will be deferred to a later chapter. 

Outlets. — Every point where electricity is taken from the 
mres and consumed is an outlet. Receptacle (plug-in) outlets 
in themselves use no current, but since current-consuming 
devices like radios and lamps are plugged into them, they are 
considered outlets. A switch uses no current; therefore it is 
not an outlet. Sometimes the term “outlet” is loosely and 
improperly used to indicate any point where a device is con- 
nected to the wires, this being commonly done in contracting 
work, when estimating the cost of a job on a “per-outlet” 
basis. 

Source. — In all the diagrams in this book where the word 
SOURCE appears, it will mean the generator, the battery, or 
wherever the current comes from — the source of supply. 
Actually, it will usually be the point where the wires enter the 
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building, or the point where the particular circuit under dis- 
cussion begins. 

Basic Circuit. — Figure 4-4 shows a wire running from source 
to the socket with the bulb, and another wire from the socket 
back to SOURCE. Assume that the current flows outward 



Fia. 4-4. — The most birnple cir- Fig. 4-5 — A switch has been 
eiiit. There is no way of turning the added to the ciicuit at the left, 
bulb on or off. to control the bulb. 


through the wire, which is shown as a light line in the diagram, 
and back through the wire, which is shown as heavy line. This 
makes a complete circuit, and so long as source furnishes 
power, the bulb will light. It is not at all a practical circuit, 
since it is necessary to disconnect one of the wires 
from the socket, or to cut a wire, whenever the 
light is to be turned off. Such a circuit WT)uld 
not be very sensible, so a swdtch must be in- 
cluded. This has been done in Fig. 4-5, the ^ 

switch being the open porcelain-base type. f ^ 

Opening the blade is the same as disconnecting ^ 

or cutting a wire, or, comparing it with the 
one-way street, it is the same as opening a draw- _ 
bridge in the street — no way of going ahead on 

.1 . . ,, I -I • 1 • • 1 j Bryant Elec. Co. 

that street until the bridge is again closed. ^ iq , 4-6.- 

Toggle Switches. — Instead of using a por- A t o g g i e 
pelain switch, which is clumsy, there is used, ^ehakum'is 
in actual wiring, a neat switch, concealed in the completely 
wall with only its handle or ^Hoggle’^ pro- 
truding (see Fig. 4-6). It has two terminals just like the knife 
switch shown in Fig. 4-7. The mechanism is small and com- 
pact, but it does exactly what the knife switch does; in one 
position of the handle the switch is open, in the other position 
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it is closed. Any switch that merely opens one wire is known 
as a “single-pole switch. It is identified by its two terminals, 
and the words on and off on the handle. The Underwriters 
require that all switches of this and 
similar types be constructed with, the 
mechanism operating under spring ten- 
sion, so that the circuit is opened and 
closed suddenly in a very small part of a 
second. This prevents arcing and pro- 
longs the life of the switch. Obviously 
this style of switch is much safer than 
one with an exposed mechanism. 

Series Wiring. — The circuit of Fig. 4-4 controls only one 
bulb; often one switch must control two or more bulbs. In 
drawing a diagram for this, most beginners will connect 
several sockets, as shown in Fig. 4-8. The current can be 


— ? 

I 

Source 

Fig. 4-8. — This type of wiring is known as “series” wiring. 

traced from the source along the light one-way street (wire) to 
the first bulb, to the second, to the third, to the fourth, to the 
fifth, and then along the heavy one-way street (wire) back to 
the source; consequently the bulbs should light. They will 
light if the correct sizes are used. However, assume that each 
bulb is a different size; since all the current that flows through 
one must also flow through the others, the smallest bulbs will 
carry more current than they should; consequently they will 
burn more brightly than normal. The biggest ones will carry 
less current than they should and will burn less brightly than 
normal. Medium-size bulbs may burn at normal brilliancy. 
So far the scheme does not seem very practical. Burning out 
one bulb or removing it from its socket, as shown in Fig. 4-9, is 




Circle F Mfg. Co. 


Fig. 4-7. — The switch 
shown in Fig. 4-6 does 
exactly what this switch 
does — it opens one wire. 
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equivalent to opening a switch in the circuit. All the bulbs 
go out. This type of wiring is known as series wiring and is 
impractical for ordinary purposes. It is used on Christmas- 
tree lighting outfits, where usually eight identical bulbs are 



Fig. 4-9. — In series wiring, when one bulb goes out, all go out. 


o 


Fig. 4-10. — In illustrations 
from this point onward the sym- 
bol above will indicate a bulb 
with its socket. 


+ 1" I- “f" 

Wires connected Wires cross, 

fo each other not connected 

Fig. 4-11. — Note carefully the desig- 
nations above, which show whether 
crossing wires are connected to each 
other or not. 


used and consequently all burn at the same brilliancy. Each 
bulb is rated at 15 volts; they can be used on a 11 5- volt circuit 
because each receives one-eighth of the total of 115 volts, or 
roughly 15 volts. 



Source 


Fig. 4-12. — One switch here controls five bulbs. 


Instead of using a picture of a bulb in a socket as in past 
diagrams, from this point onward the arbitrary symbol of 
Fig. 4-10 will be used to denote a bulb and its socket. Note 
also the diagrams of Fig. 4-11, indicating whether wires that 
cross each other in diagrams are connected to each other or not. 

Parallel Wiring. — The scheme used in practically all wiring 
is known as ^'paralleF^ wiring, shown in Fig. 4-12. When one 
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bulb bums out or is removed, the current can still be traced 
from the source directly to each of the bulbs, whether there 
are five as shown, or a dozen or more. From the other 
terminal of each bulb the current can be traced back along 
the wire through the switch to the source. Try it; cover one 
or more of the bulbs with a narrow strip of paper, leaving the 
wires exposed; the circuit will operate, regardless of the 
number of bulbs in place, and the switch will always turn all 
the bulbs on and off. This is the way the sockets in a five- 
light fixture are wired, operated by a single switch in the wall. 

Using Several Switches. — The circuits covered up to this 
point might serve w(dl in a one-room summer cottage, or an 



Fig. 4-13. — Now each bulb is controlled by a separate switch. 


outbuilding on a farm, but all the lights in an entire home 
would never be controlled by one single switch. It is equally 
simple to wire a number of sockets with separate switches. 
Figure 4-13 will be recognized as the same as Fig. 4-12, except 
that in place of one switch there are now five switches; these 
have been numbered 1, 2, 3, 4, and 5, and likewise the bulbs 
have been numbered 1, 2, 3, 4, and 5. Cover with a piece of 
paper both bulbs and switches 2, 3, 4, and 5, leaving 1 exposed; 
immediately it becomes the simple circuit of Fig. 4-5. Cover 
bulbs and switches 1, 2, 3, and 4, and again it becomes Fig. 4-5. 
Cover any four switches and bulbs, and it becomes Fig. 4-5. 
Trace the current from the source to any bulb; it can be traced 
through the bulb to the switch for that bulb, and back to the 
SOURCE. This can be done whether one or two or all the 
switches are on; each one is independent of the others. 

Turn now to Fig. 4-14, where a group of bulbs has been sub- 
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stituted for each single bulb, so that there are now five groups 
of bulbs and five switches, numbered 1, 2, 3, 4, and 5. Cover 
with a piece of paper groups 2, 3, 4, and 5 with their switches, 
and immediately the simple circuit of Fig. 4-12 appears — five 
bulbs controlled by a single switch. Cover any four groups, 
and in each case the current can be traced from source to any 
one of the bulbs and through the switches controlling the group 
(if switches are turned on) back to source. 



Fig. 4-14. — This is the same as Fig. 4-13 except that each switch controls five 

bulbs. 



Figure 4-14 is the basic wiring diagram for a five-room house 
with a five-light fixture in each room, controlled by one switch 
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for each room. Actually the wires would run more as shown 
in Fig. 4-15, which is more pictorial, with wires coming into the 
basement, then running to two rooms on the first fioor and 
three rooms on the second floor. 

Receptacles. — Radios, toasters, floor lamps, and similar 
devices must be portable; receptacles are used to plug-in 



Fig. 4-10. — Tho principle of convenience outlet -5 


these devices as required. The basic idea is sho^\ n in Fig. 4-16 
— a pair of metal clips or contacts, one attached to each of 
the two wires from source; a plug which has two corre- 
sponding clips or contacts which 
can be brought into connection 
with the first pair, and a pair of 
wires leading from them to the 
lamp or appliance. Figure 4-17 
shows the finished product ordi- 
narily known as a “duplex recep- 
tacle^^ (because it has two pairs of 
openings which will accommodate 
two plugs at the same time) . The 
old-fashioned ‘ ‘ single receptacle ’ ’ 
of Fig. 4-18 is seldom used in new 
installations today. 

In any wiring diagram, a re- 
ceptacle can always be substituted 
for a socket; if, however, the socket is controlled by a 
wall switch, then whatever is plugged into the receptacle 
substituted for the socket will also be turned on and off by the 
switch. In any diagram or circuit, connect the receptacle in 
such a way that, if it were a lamp bulb, it would always be on. 
If in doubt, go back to the one-way-street idea, and see if the 



Pass & Seymour, 


Fig. 4-17. Fig 4-18. 

— A duplex — The single 

receptacle receptacle 
permits two shown is not 

different de- used a great 

vices to be deal today, 
used at the 
same time. 
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messengers can go from source to the receptacle and back 
again to source even if all switches are in the open or off 
position. 



Monowatt Elec* Corp, 

Fig. 4-19. — Using a double-pole single-throw switch, both wiies are discon- 
nected when a bulb is turhed off. 


Double-pole Switches. — While opening oj/e of the two wires 
to a bulb turns it on and off, still both wires may be opened 
if desired, as is done in Fig. 4-19. 

The porcelain-base switch there 
shown is known as the ^‘double-pole 
single-throw^^ type, and the corre- 
sponding flush toggle switch of the 
type shown in Fig. 4-6 is usually re- 
ferred to simply as a “double-pole” 
switch. It is identified by the fact 
that it has four terminals for wires and the words ON and off 
on the handle. 



Circle F Mfg. Co. 
Fig. 4-20. — singlc^po le 
dou ble-throw sw i ti^ it”, is 
more coinnionly Tcnown as a 
“3-way’' switch. 
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Fig. 4-21. — The basic diagram for 3-way switches which are used to control a 
light from two different points. 

Double-pole switches are required by Code when a bulb or 
other device is operated on 220 volts or a higher voltage, and 
usually also on 115 volts in cases where one of the two con- 
ductors is not grounded — ^this will be explained in more detail 
in a later chapter. 



Three-way Switches. — Often it is convenient to be able to 
turn a light on and off from two different places, for example, 
a hall light from upstairs and downstairs, or a garage light from 
either the house or the garage. Fortunately this is easily done 
by the use of switches of the type known as “single-pole 
double-throw,^^ pictured in the porcelain-base type in Fig. 4-20. 
Figure 4-21 shows the diagram; call the two switches A and B. 
Tracing the circuit will show that, when the handles of A and B 
are both upy the bulb will light; when they are both down, the 
bulb will also light. If either one is up and the other down, 
the bulb cannot light. Careful study will show also that, if the 
light is on (regardless of whether the handles of the two 
switches are both up or down), it can be turned off by throwing 
the handle of either ^ or ^ to the opposite position; likewise, 
if the light is off, it can be turned on by throwing the handle of 
either yl or to the opposite position. The light can be 
controlled by either switch A or switch B, regardless of the 
position of the other switch of the pair. 

In actual wiring, a switch that looks like the switch in 
Fig. 4-6 is used, except that it has three terminals instead of 
two and the words on and off do not appear on the handle. 
Switches of this kind are known as 3-way switches, a name 
which is misleading because it might indicate that by the use 
of such switches a light can be controlled from three points 
instead of only two. The name is no doubt derived from the 
three terminals on the switch. The terminal that corre- 
sponds to the center terminal of the porcelain-base switches 
A and.J3 of Fig. 4-20 is usually marked by being of a different 
(^olor, usually a dark or oxidized finish. Analyzing Fig. 4-21 
carefully shows that the wiring of these switches is really very 
simple. On one of a pair of such switches, run the wire from 
SOURCE to the marked or “common'' terminal; on the other 
switch, run a wire from the bulb to the marked terminal. 
Then run two wires from the two remaining terminals on one 
switch to the two remaining terminals on the other. 

The mechanical construction of 3-way wires varies among 
manufacturers, so that the marked terminal is sometimes alone 
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on one end of the switch, sometimes alone on one side. There- 
fore the pictorial diagram will be either that of Fig. 4-22 or that 
of Fig. 4-23, depending on the brand of switch. Fortunately 
no harm is done if the wrong terminals are selected, except 
that the circuit will not work, and if there is any doubt as to 



Fig. 4-22. — If the common termi- 
nal on 3-way switches is alone on one 
side, use this diagram. 



Fig. 4-23. — If the “common” 
terminal on 3-way switches is alone 
on one end, use this diagram. 


which are the correct terminals, proceed by trial and error 
until a combination is found that works properly. For 
the purposes of this book, whenever a pictorial diagram 
involves 3-way switches, the terminal that is alone on one side, 
as in Fig. 4-22, is the common or marked terminal. 

Four-way Switches. — The preceding paragraphs showed 
how to control a light from two different points. What about 



Handle up Handle down 

Fig. 4-24. — This shows what happens inside a 4- way switch when the handle 
is thrown from one position to the other. 


three different points? Again it is relatively simple, although 
a bit more complicated. At the point nearest the source, 
and also at the point nearest the light, use the 3-way switches 
just described. At the in-between point use what is known as 
a 4-way switch, the construction of which is such that it per- 
forms the operations shown in Fig. 4-24. In one position of the 
handle the terminal K is connected to the terminal L; also the 
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terminal M is connected to the terminal N, When the handle 
is thrown, K is connected to N, and M is connected to L, as 
the diagram shows. 

With this operation clearly in mind, now note Fig. 4-25, 
which shows a light with three switches: a 3-way at .4, another 



® © ® 
3-woty 4‘Way 3-way 


Fig. 4-25. — The babie diagram for 4-way switches, used with a pair of 3-way 
switches, to control a light from three different points. 

at Bj and a 4-way at C in the center. So long as the 4-way 
switch C is in the position shown, the current flows through 
the switch from K to L and from M to N, The wires from 
A to B might just as well be continuous wires without the 
switch C. In this picture the handles of switches A and B 



@ © ® 


Fig. 4-26. — The same as Fig. 4-25, but with the handle of the 4-way switch 
thrown to the opposite position. 

are both in the up position, and, of course, the light is then on. 
If then the wires from A to B are considered as continuous 
wires (forgetting for the moment that switch C is there). Fig. 
4-25 becomes identical with Fig. 4-21, merely a light controlled 
from two points by two 3-way switches. 

Now see Fig. 4-26, which is exactly the same as Fig. 4-25^ 
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except that the handle of the 4-way switch C has been thrown 
to the opposite position. Trace the circuit. Chase the 
messengers any way at all; they cannot get through and the 
light is off. Draw a few diagrams similar to Fig. 4-26, but with 
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Fig. 4-27. — On some braiias ol 4-way switches, ttie connections inside change, 
as shown above, when the handle is thrown. 

the handles of switches Aj 5, and C in different positions; the 
diagrams will show that the light can be controlled from any 
one of the three switches. To control a light from three 
positions, use two 3-way switches and one 4- way switch. The 
flush switch of Fig. 4-6 is in the 4-way type identified by its 


Source 



3‘Way 4-way 3-way 

Fig. 4-28. — With 4-way switches of the type shown in Fig. 4-27, use this 
diagram instead of the one in Fig. 4-25. 

four terminals and the fact that it does not have the words on 
and OFF on the handle (double-pole switches also^have four 
terminals but do have the words on and off on the handle). 

Some manufacturers make their 4- way switches so that the 
internal connections, when the handle is thrown, change as 
shown in Fig. 4-27. In that case the diagram of Fig. 4-26 
becomes that of Fig. 4-28 — simply cross two of the wires as 
shown. As in the case of 3-way switches, no harm can be 
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done by wrong connections, except that the circuit will not 
work, and if there is doubt as to the internal wiring of the 
switch, simply proceed by trial and error, so far as the four 
terminals of the 4-way switch are concerned, until a com- 
bination that works is found 



3-way 4-way 4 way 4-way 3 way 


4-29 — When a light must be coiiti oiled from moie than tliiee poii.ts 
use this diag! am. 

To control a light from four, five, or any number of points, 
use a 3-way switch at the point nearest the light, another at 
the point where the wires come from source, and 4-way 
switches at each of the other points; connect as shown in 
Fig 4-29, 

Miscellaneous Switches. — Switches are available in many 
types besides the conventional toggle type so far discussed 



irrou-llarl &, Hegemaiin Bryant Elec Co 

Elec Co 

Fig 4-3 0 — Push 1 la 4-31 — This type Fio 4-32 — A sur- 

switches are little used of switch lequires a key face type of switch 
today to opeiate 

The push-button type shown in Fig. 4-30 is little used today 
except as replacements in older installations. The lock type 
shown in Fig 4-31 can be operated only by those having keys 
to fit. The momentary-contact type of smtch looks like the 
ordinary toggle type, but the handle is held in one position by a 
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spring, returning to its original position when the operator 
releases the handle. The surface type of Fig. 4-32 is used 
chiefly in exposed wiring, as in garages and farm buildings. 

Ordinary switches are usually rated 10 amp. at not more 
than 125 volts, 5 amp. at 250 volts. If therefore the switch 
must break a current in excess of these values, heavier switches 



Monowatt Elec. Corp. 

Fig. 4-33. — Wall plates are used to cover switches, receptacles, and similar 
devices. Such plates are available in a great many types and combinations of 
openings. 


of proper amperage rating must be used instead of the ordinary 
ones. 

Wall Plates. — Switches and receptacles cannot be mounted 
in walls leaving untidy openings around them, nor can the 
terminals be left exposed, for that would not be safe. There- 
fore they are covered with ‘‘wall plates'^ or “face plates 
after installation. Figure 4-33 shows several plates. The 
smaller ones are used for single devices. Sometimes it is 
necessary to mount two or three or more devices side by side, 
requiring wider plates known as “2-gang,'' “3-gang," or 
“4-gang" plates, depending on how many devices the plate 
covers. They are available also in combinations so that 
switches, receptacles, and other devices may be mounted side 
by side, as the same figure shows. 

Wall plates of 3-gang and larger types, especially those with 
odd combinations of openings, are difficult to find in stock. 
There is now available a new type of single-gang plate so 
constructed that if a multi-gang plate is wanted it can be 
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quickly done by breaking off a strip at the edge of each plate 
and mounting the several single-gang plates side by side to 
produce the larger plate. Figure 4-34 should make this clear. 



\ I 1/ 

Til row these strips away combination plate 


Fig. 4-34. — This new type of plate construe tion makes it possible to make 
2-gang or larger plates in any desired combination out of single plates. 

Using only single-gang plates, any kind of larger combination 
plate can be made in a short time. 

Wall plates are made of a great variety of materials, such as 
bakelite in brown or ivory, brass and other metals in natural 



Fig. 4-35. — A typical brass-shell Fia. 4-36. — Cross-section of the 
socket. Besides the pull-chain type socket shown in Fig. 4-35. 

shown, there are several other types. 

finish or plated in chromium, oxidized, and other styles to suit 
the user. The nonmetal plates are generally favored. 
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Sockets. — In the Code any device into which a bulb is 
inserted is called a ^ ‘ lampholder. Practically everybody calls 
these devices sockets sometimes the term ** receptacle is 
used for certain types of sockets, although this is not correct 
according to the Code, for a receptacle is a device where con- 
nection is made by plugging in an attachment plug. 

Sockets are available in a very great variety of types. The 
type that was shown in Fig. 4-2, commonly called a ''cleat 



1 iG 4-37 — Especially m damp 
loc at ions, it is well to use sockets 
with an insulating shell of poice- 
lain or bakelite instead of brass 


Circle F Mfg, Co, 

Fig 4-38 — The socket 
above fits directly on top 
of an outlet box 



receptacle,’^ is not actually used a great deal in house wiring. 
The most commonly kno^\n socket is the brass-shell type; it 
may be either keyless or with a switching mechanism to turn 
the bulb on or off. There are three common types of switching 
mechanism: the key, the push-through, and the pull-chain 
type, all serving the same purpose. One of the pull-chain type 
is shown in Fig. 4-35. The socket consists of the brass shell 
with an insulating paper liner to insulate metal parts from the 
shell, the mechanism proper with two terminals, and the cap. 
The cap may have a threaded hub, used when the socket is 
used on a floor lamp, a fixture, or similar device, or it may have 
an insulating bushing, when the socket is used on the end of a 
piece of cord. A cross-sectional view is shown in Fig. 4-36. 
Instead of brass for the outer shell, bakelite or porcelain may 
be used as in Fig. 4-37. Other sockets are of the type shown 
in Fig. 4-38, used on top of outlet boxes; the weatherproof 
type shown in Fig. 4-39, for outdoor use; "sign receptacles” 
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shown in Fig. 4-40, used chiefly in the manufacture of lighting 
fixtures. 



Monowatt Elec. Corp, Pass & Seymour, 


Fig. 4-39. -Tho Fig. 4-40. — Sign iocepta(‘los are used 

weatherproof socket mostly in the manufacture of lighting fix- 

shown is intended tuiesand similar devices, 
for outdoor use. 

Other Devices. — There are dozens of other devices, and thesi* 
will be described in later chapters of this book, as their use is 
discussed. 

New Work; Old Work. — When a building is wired while it 
is under construction, the electrical work is known as “new 
work.” If the building is completely finished before the 
wiring is started, it is known as “old work.” 


CHAPTER 5 


OVERCURRENT DEVICES 

It is impossible for an electric current to flow through a wire 
without heating the wire. As the current increases, the 
temperature of the wire also increases. The heat produced is 
proportional to the square of the amperage. 

Need for Protective Devices. — ^As the temperature of a wire 
increases, the insulation may become damaged by the heat, 
leading to ultimate breakdown. With sufficient amperage the 
conductor itself may heat to the point where it constitutes a 
serious fire hazard. It is therefore most necessary that the 
amperage be carefully limited to a maximum value that is safe 
for any given size and type of wire; fortunately this is easily 
done. Any device that limits the current in a wire to a 
predetermined number of amperes is termed an ‘‘overcurrent 
device by the Code. There are many different types of 
overcurrent devices, and all of them may be considered the 
safety valves of electrical circuits. 

Besides being used to protect wires against too great amper- 
age, overcurrent devices are frequently used also to protect 
electrical devices. For example, an electric motor may require 
15 amp. to deliver the horsepower stamped on its name plate. 
Yet a good motor is capable of delivering, without harm, 
considerably in excess of that horsepower, for short periods, 
but it will then draw a correspondingly greater amperage. If 
the higher amperage is allowed to flow for an indefinite period 
of time, the motor probably will burn out. Therefore an over- 
current device is provided to protect the motor. 

Fuses. — The most common overcurrent device is a fuse. A 
fuse is merely a short length of metal ribbon or wire, made of an 
alloy with a low melting point and of a size that will carry 

73 





// 

any given amperage indefinitely, but that will melt quickly 
when a larger amperage flows. When this wire inside the fuse 
melts, the fuse is said to ‘‘blow.” 

Plug Fuses. — The common plug-type fuse is shown in Fig. 
5-1. The fusible link is enclosed in a sturdy housing which 
prevents tlic molten metal from spattering; there is a window 
through vrhich the user can" see whether the 
fuse has blown; there are contacts for quick 
replacement when required. The largest 
fuse approved in the plug type is the 30 
amp.; smaller standard sizes are 10, 15, 20, 
and 25 amp. The Code requires that plug 
Bu%&man Mfg. Co. fuses rated at 15 amp. or less be of hex- 

fuscraro^nadl on“y ^ windoW OP Other 

in ratings up to prominent part of hexagonal form; those 
rated at more than 15 amp. are round. 
This detail enables inspectors to see at a glance whether a cir- 
cuit in a home (where generally speaking a 15-amp. fuse is the 
maximum permissible) is overfused or not. 

The Code limits the use of plug-type fuses to installations 
not exceeding 125 volts, except that they may be used on 

fiMil 

Bussman Mfg. Co. Bussman Mfg. Co. 

Fig. 5-2. — The ferrule typo of Fig. 5-3. — The knife-blade type of 

cartridge fuse is made in sizes up to cartridge fuse is made only in sizes 
CO amp, of 61 amp. upward. 

installations with one grounded conductor with maximum 
voltage of 150 volts to ground. This means that they are 
permissible on a 230-volt circuit with grounded neutral, for, 
although the voltage is 230 between conductors, it is only 115 
to ground (see page 127). 

Cartridge Fuses. — ^Although the plug fuse is the common 
fuse for homes, the cartridge type is by far more common for 
industrial purposes, and is the only type that can be used when 
current in excess of 30 amp. is involved. There are two basic 
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types of cartridge fuse, the ferrule contact type, shown in 
Fig. 5-2, and the knife-blade contact type, shown in Fig. 5-3. 
The ferrule construction is used only on fuses rated 60 amp. or 
less, the knife-blade construction on fuses rated 61 amp. or 
more. Ordinary cartridge fuses are approved for use on 
circuits not exceeding 250 volts, and a heavier, larger, sturdier 
construction of the same appearance is approved for use up to 
600 volts. 

Mechanically, cartridge fuses of different amperage and 
voltage ratings are of 12 different sizes, as shown in the follow- 
ing table: 


Fuse ratings, 
amperes 

Over-all length, inches 

250- volt type 

000-volt type 

Oto 30 

2 

5 

31 to 60 

3 


61 to 100 


7 % 

101 to 200 

m 


201 to 400 

m 


401 to 600 


13H 


From the above table it is evident that it is next to impos- 
sible to use a fuse of an amperage which differs widely from the 
amperage and voltage intended when the installation was first 
planned. This is a very desirable safety measure. 

Renewable Fuses. — Cartridge fuses are further divided into 
renewable and nonrenewable types. The nonrenewable types, 
once blown, are of no further value. Since only the fusible 
link is destroyed when a fuse blows, renewable fuses are avail- 
able that permit the fusible link to be replaced after blowing. 
Figure 5-4 shows a clear view of the basic construction; it is a 
very simple matter to replace the fusible link. In external 
appearance there is no basic difference between nonrenewable 
and renewable fuses, except that the latter are so constructed 
that they can be taken apart. 

Time-delay Fuses. — Consider a circuit in a home, wired 
with No. 14 rubber-covered wire, having maximum carrying 
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capacity of 15 amp. and protected by 15-amp. fuses. Most of 
the time the wire will be carrying considerably under 15 amp. ; 
the temperature of the wire and its insulation will be well 
within safe limits. If the amperage is increased to 30 amp , 
the fuse will blow in a very few seconds. On the other hand, 
30 amp. flowing for a few seconds or even for half a minute 
would not heat the wire or its insulation to the danger point, 




Chase-Shawmut Co, 

Fig. 6-4. — The renewable type of fuse is easil> disassembled foi icplacemeiii 
of the fusible link. 


especially if the amperage was very small before it was 
increased to 30. 

In practice, there are often conditions just as described; 
perhaps 3 amp. are flowing in the wire, representing about 300 
watts of light bulbs. Then a motor is turned on, for example, 
a washing machine. The motor requires in the neighbor- 
hood of 30 amp. for a few seconds, while it is starting; after 
that it drops to a normal of around 6 amp. Very frequently 
the fuse blows during this starting interval, although the wire 
and its insulation are in no danger whatever. 

Accordingly time-delay or time-lag fuses have been devel- 
oped which carry their rated amperage indefinitely and blow 
within a few minutes like ordinary fuses on an overload of say 
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50 per cent, but which carry overloads of 100 per cent for 
about 30 sec. and even a 200 per cent overload for about 5 
sec. In other words, they do not blow like ordinary fuses on 
large but temporary overloads, but they do 
blow like ordinary fuses on continuous small 
overloads or on short circuits. Several 
types of such fuses are shown in Figs 5-5 
and 5-6. The use of this type of fuse is very 
desirable, especially when motors are used. 

It is entirely likely that this type of fuse will 
in due course of time completely replace 
ordinary fuses Power companies, espe- 
cially, find the use of time-delay or time-lag 
fuses by their customers most desirable, for 
it is well known that a large percentage of 
service calls are caused by nothing more 
serious than blown fuses — and usually such 
blown fuses could be avoided by using the time-lag type, which 
carries short nondangerous overloads safely without blowing 

Bussman Mfg Co 

I IQ 6-6 — Time-lag fuses are also made m cartiidge type The 3 are 
especially useful in protec ting motors that usually require several times as 
iiianj ampeies while starting as while running 



Busaman Mfg Co 
Fig. 6-5. — a 
typical time-lag 
fuse, known as a 
“ F u s e t r o n ” 
Time-lag fuses 
carry temporary 
overloads safely 
without blowing 


Nontamperable Fuses. — Since each size of wire has a very 
definite maximum safe carrying capacity in amperes, it is 
required by the Code that the overcurrent device selected to 
protect the wire be of a rating no greater than that amperage 
For example, the No. 14 rubber-covered wire used for ordinary 
residential wiring has a carrying capacity of 15 amp. and 
accordingly should be protected by fuses no larger than 15 
amp , yet all plug fuses up to 30 amp. are interchangeable. 
Nothing prevents the homeowner from substituting a 30-amp. 
for the 15-amp. size, completely defeating the purpose of the 
fuse This led to the development of fuses of the nontam- 
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perable type, shown in Fig. 5-7 ; Fig. 5-8 shows a cross-section 
of its construction. The device consists of an adapter and 
the fuse proper. The adapters have amperage ratings just 
like the fuses, and a 15-amp. adapter will permit only 15-amp. 
or smaller fuses to be inserted into it; a 25-amp. adapter will 
permit only 25-amp. or smaller fuses to be used; and so on. 

The adapters fit into ordinary fuse holders, but are so 
designed that once installed, they cannot be removed. Obvi- 





Bussman Mfg. Co. 

Fig. 5-7. — This fustat is designed 
to reisibt tampei mg on tho part of the 
user. 


BuHsman Mfg. Co 

Fig. 5-8. — Cross-seetiou of tlie 
fuse shown in Fig. 5-7. 


ously then if a contractor when wiring a home with the usual 
No. 14 wire (which has a carrying capacity of 15 amp.) 
installs 15-amp. adapters, he makes it impossible to use fuses 
larger than 15-amp. size, thus making it impossible on the part 
of those who know no better, or are inclined to take chances, 
to overfuse. This eliminates one of the greatest causes of 
electrical fires and is obviously a sensible move. 

The most common of these nontamperable fuses is known 
as a ‘^fustat’^ and besides being of the nontamperable type is 
also of the time-lag type, the advantages of which have already 
been discussed. The Code calls this type of fuse a ^‘Type 
fuse. 

The 1940 Code required that original installations made 
after Nov. 1, 1941, be equipped only with nontamperable 
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fuses, but the requirement was never really enforced. The 
new 1947 Code in its first drafts required the use of Type S 
fuses, but, as finally adopted and published, the requirement 
was dropped. The use of nontamperable fuses is therefore 
optional. 

Circuit Breakers. — The Code defines a circuit breaker as 
device designed to open under abnormal conditions a 



Fio. 5-9. — This circuit breaker may also be used as a switch. When it trips, 
reset as shown in lower right, then move handle back to on. 


current-carrying circuit without injury to itself. The term as 
used in this Code applies only to the automatic type designed 
to trip on a predetermined overload of current.” Since all 
switches break circuits, they can be termed circuit breakers, 
and the above definition merely states that so far as the Code 
is concerned, when circuit breakers are mentioned, it refers 
only to the type that open the circuit when an amperage 
greater than that for which the unit* was designed flows 
through it. When it opens a circuit, moving a handle, pushing 
a button, etc., closes the circuit again — there is nothing to 
replace. 

A circuit breaker may be of the instantaneous type, opening 
the circuit instantly when more than the prescribed amperage 
flows. This is more or less a special-purpose type and is 
seldom used for circuit protection. The more usual type is of 
the time-delay type, functioning like the time-delay fuses 
described above. There are many types and brands available. 
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One of the most common is the type shown in Fig. 5-9. 
Essentially it consists of a carefully calibrated bimetallic strip, 
similar to that used in thermostats. As current flows through 
this strip, heat is created, and the bimetallic strip bends. 
Under sufficient heat it bends enough to release a trip that 
opens the contacts, interrupting the circuit just as it is inter- 
rupted when a fuse blows. 

While this device will carry its rated load indefinitely, it 
will carry a 50 per cent overload for about a minute, a 100 
per cent overload for about 20 sec., and even a 200 per cent 
overload for 5 sec. — usually long enough to start a motor. 

Other similar devices operate on the solder-pot principle. 
The contacts arc held closed, against spring tension, by a 
ratchet or similar device, which is anchored in a tiny pot of 
solder of a predetermined melting point. The current in the 
circuit which the device protects flows through the solder, or 
through a heater coil which surrounds the solder. As the 
amperage increases, the heat increases, and, at the critical 
point, the solder melts, releasing the spring which opens the 
contacts and the circuit. After the solder solidifies, the device 
is reset by pushing a button. 

Determining Proper Rating of Overcurrent Device. — In 

general, it is never permissible to use an overcurrent device 
rated higher in amperes than the allowable carrying capacity of 
the wire in question, per Tables 1 and 2 of the Code (see 
Appendix). There are a number of important exceptions, 
particularly in connection with motors, and these will be 
covered in connection with related subjects in other portions 
of this book. 

It will be well to memorize carefully the carrying capacity 
of the smaller sizes of ordinary rubber-covered wire; this is 
also the maximum rating of the overcurrent device protecting 
that size. The 1947 Code increases the permissible carrying 
capacities^ of No. 10 and heavier sizes. The new carrying 
capacities are as follows: 

^ The amperages shown are for Type R or ^‘Code" grade of rubber- 
covered wire, the type used for ordinary residential wiring Some other 
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Wire size 

Amperes 

Wire size 

Amperes 

No 14 

15 

No 6 

55 

No 12 

20 

No 4 


No 10 

30 

No 2 

95 

Imo 8 

40 

No 0 

125 


Joining Different Skes of Wire. — If two diffeient sizes of* 
wire are joined as in Fig 5-10, then the fuse (or other over- 


ISamp. No 8 wire No. 14 wire 

maxfusesiz e 40 amp capctafy /Samp capacdy 

] ^ 

1 iG 6-10 — When two different sizes of wire are connected, the biggest fuse 
that ma\ be used is the one that protects the smaller wire 

No 8- 40 amp Nol4-/5amp. 



Ir* 

,1^ Nof4-/Sotmp. 

tSampfuses^ — 1 Z— 3 

! NoJ2-20amp. 

ZOamp 

Fig. 6-11 — If fuses are used wheie the wiie size is i educed, select an ampei- 
age lating that piotccts the smallir wire 

current protection) may be no greater than that permitted 
with the smaller wire Since in this case the smaller wire has 
a capacity of only 15 amp , this is the maximum size fuse per- 
mitted. In practice, a condition of this kind is often met, 
especially in farm wiring, where a No. 8 wire is used for an 
overhead span to secure mechanical strength and to avoid 
voltage drop Although it has a capacity of 40 amp , the 
circumstances may be such that more than 15 amp is never 
required, and the maximum fuse permitted, 15 amp , will not 
in any way prove inconvenient. 


40 amp 
fuse 


types, not usually used for residential wiring, have higher carrying 
t apacities and are described in Chap 25 
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On the other hand, there may be a condition, as shown in 
Fig. 5-11, where under similar circumstances No. 8 is again 
used but where more than 15 amp. is to be carried altogether; 
in this case a second fuse is used at the point where the wire 
size is reduced. A 40-amp. fuse may be used to protect the 
No. 8 wire, and a 15-amp. fuse to protect the No. 14 wire. 
Usually when these conditions are present, additional wires 
protected by individual fuses are used, as shown in the dotted 
lines. 

There are a number of exceptions to these general require- 
ments, the most important being the one permitted by Sec. 
2434d of the Code. No overcurrent protection is required at 
the point where the wire size is redu(*ed if the smaller wire 
meets all Jour of the following conditions: 

1. It must be not over 25 ft. long. 

2. It must be protected against mechanical injury. 

3. It must have a current-carrying capacity at least one-third that of 
the larger wire. 

4. It must end in a single overcurrent device of an amperage rating 
not greater than the current-carrying capacity of the smaller wire. 


This condition is shown in Fig. 5-12, which portrays a combi- 
nation of No. 8 with No. 14. Beyond the final fuse or other 


40an7p. 

fuse No. S' 40 amp. 

No fuse required'' 


Any size 
wires 


No. i4- 1 5^ amp. 






NofoverPS^ 


One fuse - 
not over I5i amp 


Fig. 6-12. — Under certain conditions no fuse is required at the point where 
the wire size is reduced. 


overcurrent device at the end of the smaller wire, additional 
wires of any length or size (but not smaller than No. 14) may 
be run; they are protected by the 15-amp. protective device 
ahead of them. 

Considering the carrying capacity of various sizes of wire 
and the requirements of the preceding paragraph, it will be 
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evident that, if all those requirements are met and if ordinary 
Type R wire is used, 

No. 14 may be tapped to No. 8 or lighter 

No*. 12 may be tapped to No. 6 or lighter 

No. 10 may be tapped to No. 3 or lighter 

No. 8 may be tapped to No. 1 or lighter 

Another exception is that permitted by Sec. 2434c of the 
Code. In the case of switchboards, panelboards, and similar 
devices, it is not unusual to have wires of considerable size 
run through such devices, with taps taken off to feed a smaller 
load In such cases no overcurrent protection is required 
where the smaller wire is tapped to the larger, provided it is 
not over 5 ft. long, provided it has a carrying capacity equiva- 
lent to the total of the carrying capacities of all the circuits 
it feeds, and provided it does not extend beyond panelboards 
or other devices in question. 

An additional common-sense exception is contained in 
Cbde Sec. 2121-C-2, which permits taps not over 18 in. long to 
be made from circuit wires of any size, to serve an individual 
socket, fixture, or outlet, provided only that the short wire is 
heavy enough to serve its specific load, and never smaller than 
No. 14 (on 50-amp. circuits. No. 12). Section 2121-C-3, in 
turn, permits wiring inside fixtures, also portable cords, to be 
smaller than the circuit wires serving them, provided they are 
heavy enough to carry their specific loads. Sections 2403d 
and 2403f, in turn, authorize the omission of overcurrent 
protection at such points where wire sizes are reduced. 



CHAPTER 6 

TYPES AND SIZES OF WIRES 


Electricity is conducted over wires from the point where it 
is generated to the point where it is used. Copper is the 
material used in practically all cases. The Code makes very 
little reference to '^wire^' but speaks frequently of the '^con- 
ductor/' which it defines as "a wire or cable or other form of 
metal suitable for carrying current." AlLwires therefo re jir e 
^nductors, but not all conductors are wires. , Copper bus bars 
'for example are conductors, but are not referred to as wires. 

Previous chapters showed that all wire has resistance that 
prevents an unlimited flow of current and causes voltage drop. 
For any given load, a size of wire that causes only a reason- 
able voltage drop must be selected. 

Current flowing through a wire causes heat; the heat varies 
as the square of the amperage. There is a limit to the degree 
of heat that various types of insulation will safely withstand, 
and even a bare wire must not be allowed to reach a tempera- 
ture that might cause fire. The Code carefully and in great 
detail specifies the maximum amperage that is considered safe 
for wires of different sizes with different insulations and under 
different conditions. These maximum amperages will be 
given later. 

Circular Mils. — In order to discuss intelligently the different 
sizes of wire, it is necessary to understand something about 
the scheme used in numbering these sizes. The units used are 
"mils" and "circular mils." A mil is one one-thousandth 
(0.001) in. A circular mil (abbreviated c.m.) is the area of a 
circle one mil in diameter. Thus a wire that is 0.001 in. or 
1 mil in diameter is said to have a cross-sectional area of 1 c.m. 
Since the areas of two circles are always proportional to the 
squares of their diameters, it follows that the cross-sectional 

84 
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area of a wire 0*003 in., or 3 mils, in diameter is 9 c.m.; that 
of one 0.01 in., or 10 mils, in diameter is 100 c.m.; that of one 
0.1 in., or 100 mils, in diameter is 10,000 c.m., etc. The cross- 
sectional area of any round wire in circular mils is equivalent to 
the diameter of the copper only, in mils or thousandths of an 
inch, squared or multiplied by itself. 

Wire Sizes. — Instead of referring to common sizes of wire 
by their areas, sizes or numbers have been assigned to them. 
The gauge commonly used is the American Wire Gauge* 
abbreviated A. W.G. ; it is the same as the Brown and Sharpe, 



00 0 2 4 6 8 10 12 14 16 18 


Kt(j. 0-1. — Actual diameters of typical sizes of copper wire, without insulation. 

or B. & S., gauge. This gauge is not the same as that used 
for steel wires used for nonelectrical purposes, for example, 
fence wires. 

Number 14 wire, which is a size most commonly used for 
ordinary house wiring, has a copper conductor 0.064 in., or 64 
mils, in diameter. Wires smaller than this are Nos. 16, 18, 
20, and so on. Number 40 has a diameter of approximately 
0.003 in., as small as a hair; still finer sizes are made. Sizes 
larger than No. 14 are Nos. 12, 10, 8, etc. Note that the 
higher the number, the smaller the diameter of the wire. 

In this way, sizes proceed until No. 0 is reached; the next 
sizes are No. 00, No. 000, and finally No. 0000, which is almost 
H in. in diameter. Numbers 0, 00, 000, and 0000 are fre- 
ciuently designated also as 1/0, 2/0, 3/0, and 4/0. As still 
lieavier sizes are reached, they no longer are designated by a 
numerical size, but simply by their cross-sectional areas in 
circular mils. 

Figure 6-1 shows the approximate actual sizes of t 3 q)ical 
gauge wires, without the insulation. The sizes from Nos. 40 
to 20 are used mostly in manufacturing electrical devices of all 
kinds. Numbers 18 and 16 are used chiefly for flexible cords, 
for signal systems, and for similar purposes where relatively 
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small amperages are involved. Numbers 14 to 4 are used in 
ordinary residential and farm wiring and, of course, in indus- 
trial work, where the still heavier sizes are also used. Number 
14 is the lightest size permitted for ordinary wiring. The even 



Brown & Sharpe Mfg. Co, 

Fia. 6-2. — Typical wire gau^^e. Measure the wire by the slot into which it 
fits. The picture is actual size. 

sizes of wire such as Nos. 18, 16, 14, 12, 10, 8, etc., are com- 
monly used; the odd sizes, as Nos. 15, 13, 11, 9, are seldom used 
in wiring. The odd sizes, however, are commonly used in the 
form of magnet wire for manufacturing motors, transformers, 
and so on, for which purposes even fractional sizes such as No. 
15J^ are not at all uncommon. 

In Fig. 6-2 is shown the usual gauge used in measuring wire 
sizes. The wire is measured by the slot into which it will fit, 
not by the hole behind the slot. 

Table 18 of Chap. 10 of the Code shows the commonly used 
sizes of wire, their areas in circular mils, their resistances in 
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ohms per thousand feet, their dimensions in fractions of an 
inch, and their areas in fractions of a square inch. For 
convenience this table is reproduced in the Appendix of this 
book. 

It is interesting to know that any wire which is three sizes 
heavier than another will have a cross-sectional arHsja exactly 
twice that of the other. For example. No. 11 has an area 
exactly twice that of No. 14; No. 3 wire has an area exactly 
twice that of No. 6. Any mre that is six sizes heavier than 
another has exactly twice the diameter, four times the area, of 
the other. For example. No. 6 wire is exactly twice the diam- 
eter, and four times the area, of No. 12. 

Stranded Wires. — When common sizes of wire are used for 
ordinary wiring purposes, there is usually no reason why the 
copper conductor should not be one single solid conductor. 
Where considerable flexibility is needed, as in a laixxp cord^ tho, 
cond uctor J instca d^of being one ^hd wire consists of a great 
m any strands pf_fine^^\ire twisted together. The number 
assigned to such a conductor is determined by the total cross- 
sectional area of all these individual strands added together. 
For example, per Table 18 of the Code, the cross-sectional area 
of No. 16 wire is 2,583 c.m. The total cross-sectional area 
of 65 strands of No. 34 wire is 2,585 c.m.; the total cross- 
sectional area of 26 strands of No. 30 wire is a trifle above 
this figure. Therefore wire made up of either of these two 
combinations, or any other combination totaling substantially 
2,583 c.m., is known simply as No. 16 wire. If it is necessary 
to describe such wire in more detail, the first-mentioned 
combination is described simply as No. 16, 65/34, and the 
second as No. 16, 26/30. 

Wires No. 6 and heavier are usually stranded, solid wires 
being too stiff to be entirely practical. The stranding of these 
has been entirely standardized, so it is not necessary to specify 
the sizes of the individual strands. 

Rubber-covered Wire. — Although rubber^ is used as insula- 
tion in many different types of wire, actually only one specific 

^ According to Code definition (Sec. 3102), “rubber insulations 
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type is today known by the rather general name of ''rubber- 
covered wire.” It is the wire used for all ordinary electrical 
wiring. Its general construction is shown in Fig. 6-3; i t con - 
sists o f,aj;oppcr conductor with a layer of rubber insiiTa^n. 
The copper is tmnedlo“l)revont the rubber from sticki ng to 


U, iS. Rubber Co. 

Fig. 6-3. — Single-braid rubber-covered wire. This is the type wiie used for 
most kinds of ordinary wiring. 

t he conducto r. Over the rubber insulation is a cotton pro- 
tective braid, ustially saturated with a flame-retarding and 
moisture-resistant compound and then finished off with a wax 
finish for cleanliness and for facilitating pulling the wire into 
conduit. The thickness of the rubber insulation varies with 


U. 8. Rubber Co, 

I’kj. G-4. — Double-biaid rul)boi -covered stranded wire. Heavier sizes of wiie 
have a stranded conductor and two piotectivo hi aids. 

the size of the conductor and is carefully standardized to 
specifications set up by the UnderwTiters^ Laboratories in 
accordance with findings of test and usage. Ordinary rubber- 
covered wire is for use on voltages not over 600 volts; for use 
in excess of 600 volts, heavier insulation is used. This type of 
wire is known as "SBllC^^ — single-braid rubber-covered. 

Sizes 6 and heavier are stranded and provided with two pro- 
tective cotton braids instead of a single braid, as in the lighter 
sizes (the general construction is shown in Fig. 6-4). Thejy 
are known as "DBRC, Str.’’ — double-braid rubber-covered, 
stranded. 

Grades of Rubber-covered Wire. — The 1940 Code recog- 
nized three different types of rubber-insulated building wires, 
as follow^s: Type R, commonly known as the "Code^^ grade; 

include those made from natural and synthetic rubber, neoprene and 
other ^nilcanizable materials.” 
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Type RPy commonly known as ‘^performance’^ grade; and 
Type RHy commonly known as “heat-resisting” grade. 

The 1947 Code recognizes only two of these types, as follows: 
Type Ry which however as now being manufactured is equiva- 
lent to the old Type RP in quality^ (the quality equivalent to 
the 1940 Type R being dropped) ; and Type RHy substantially 
the same as the old Type RH. 

As the name implies, Type RH is more heat-resistant, less 
harmed by heat. Since it will stand more heat, larger amper- 
ages are permitted than with Type R, but this applies only to 
No. 8 and heavier wires. 

For ordinary residential use. Type R is used almost exclu- 
sively. In industrial and commercial use, the Type RH has 
many advantages. However, although Chaps. 1 to 24 of 
this book deal with principles of wiring of all kinds, this section 
covers methods only as used in residential and farm wiring. 
Therefore in these chapters only Type R wire will be discussed, 
and Chap. 25 and the remaining chapters will cover Type RH 
wire, as well as wires with other kinds of insulation. 

Cable. — Usually a stranded wire heavier than No. 0000 
is known as a “cable.” Thus one would refer to a “ 1 ,000,000 
c.m. cable.” The word “cable” is also used equally often 
as outlined in the following paragraphs. 

Cables. — For many purposes, especially in residential 
and farm wiring, it is desirable to have two or more wires 
grouped together in a cable. This makes a compact assembly 
which may be simply installed, especially when used in a 
building that has been completely finished before the wiring 
is started, for the cable lends itself well to fishing through wall 
spaces. 

A cable that contains two No. 14 wires is known as “ 14-2” 
(fourteeii-two) ; if it contains three No. 12 wires, it is known as 
“ 12-3”; if it contains only one No. 8, it is known as “8-1 ”; etc. 

^ To distinguish a roll of Type R wire made to the 1947 specifications 
from a roll of the earlier and less desirable Type R, look at the Under- 
writers^ label on the coil. The improved type will be overstamped 
^'1947 Code.^' 
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Nonmetallic Sheathed Cable. — One of the most common 
cables is known as ^^nonmetallic sheathed cable and is of the 
general construction shown in Fig. 6-5. It is available under 
a great many trade names such as Ilomex, Cresflex, and Loom- 
wire. It consists of two or more rubber-covered wires practi- 
cally identical with ‘‘rubber-covered wire’' described in a 



National Elec. Products Corp, 

Fig. 0-5. - Nonmetallic tshcathed cable is used for ordinal y house wiring, and 
its popularity is rapidly growing. 

previous paragraph. Over each wire is a spiral wrapping of 
a tough paper tape, which serves to space the wires a bit and 
also adds mechanical strength. Over the assembly is an outer 
covering of cotton thoroughly saturated with moisture-resist- 
ing and flame-retarding componds. If this outer braid were 



National Elec. Products Corp. 


Fig. 6-6. — Armored cable has a layer of steel armor for its final protection. 

applied directly over the conductors, empty spaces would 
result. These are filled with a jute cord. 

Armored Cable. — Another common cable is armored cable, 
commonly called ^‘BX.” The Code refers to it as Type AC. 
It is pictured in Fig. 6-6 and is available under a great variety 
of trade names such as “BX’^ and “Flexsteel.” In construc- 
tion it consists of two or more rubber-covered wires, wrapped 
with a spiral layer of tough kraft paper, and over all is a contin- 
uous galvanized steel armor. The paper affords protection 
against abrasion by the steel and in addition serves another 
useful purpose, a discussion of which will be found in a later 
chapter. 
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Lead-covered Cable. — Ordinary rubber-covered wire may 
not be used except in reasonably dry locations. There are 
many locations where it would be entirely suitable were it not 
for the fact that a certain amount of moisture is continuously 
present. To make it possible to use rubber-covered wire in 
such locations, lead-sheathed cable was developed. It con- 
sists of ordinary rubber-covered wires covered with a contin- 
uous layer of lead. Figure 6-7 shows its general construction. 
The lead sheath is relatively thin, only ^^4 in. on small 



U. S, Rubber Co. 


Fig. 6-7. —Lead-sheathed cable is used where there is too much moisture 
for ordinary rubbei -covered wire. The lead is not intended as mechanical 
pioteetion; it serves only to keep moisture out. 





General Elec. Co. 

1 10 . G-8, Armored-lead cable is simply Ihe same material shown in Fig. 6-7, 
plus a steel armor. 

sizes, and affords very little mechanical protection. This is 
the reason the Code requires that lead cable be further pro- 
tected mechanically. Other types of wire besides the rubber- 
covered type, for example, varnished-cambric, are also made 
in the lead-sheathed type. Lead-sheathed cable is commonly 
used for underground runs as well as in* other locations where 
considerable moisture is present. 

Armored-lead Cable. — Instead of running lead cable 
through conduit, it is permissible to use the type that has a 
steel armor around it, as on armored cable^ and known in the 
Code as Type ACL. Its construction is shown in Fig. 6-8. 

Type RW Rubber-covered Wire. — Since lead-sheathed 
cable must be given additional protection in the form of 
conduit or similar material, it becomes aoielatively expensive 
method of construction, from the standpoint of material cost. 
Likewise, it is difficult and takes a good deal of time to pull 
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such cable into conduit without damaging the lead sheath, 
especially if long runs and several bends are involved, so it 
becomes expensive from the labor viewpoint. These facts 
were responsible for the development of a special variety of 
rubber-covered wire, the insulation of which is especially 
water-resistant. It looks like ordinary rubber-c.overed wire 
and may be distinguished by the Underwriters^ Type RW 
label. It may not be buried directly in the ground but must be 
protected like lead-sheathed cable. Its cost is considerably 
less than that of lead-sheathed cable. Its use is recommended 
not only for underground work, but for all other locations 
where moisture is apt to be continuously present. 



Crescent Ins, Wire <fc Cable Co, 

Fuj. 6-9. — Wire of this type may l>c buried directly in the gioiind without 
further protection. 

Type USE Service -entrance Cable. — There is available 
another type of wire, in appearance very similar to Type RW 
wire, but which has an even more moisture-resistant insulation 
and, ill addition, an outer jacket of a type of rubber that is 
extremely strong and tough mechanically. It is illustrated 
in Fig. 6-9. This material is not considered a variety of 
rubber-covered wire, but rather as a special variety of service- 
entrance cable, designated by the Underwriters as Type USE 
(underground service entrance). It may be buried in the 
ground directly, without conduit or other similar protection. 
Common sense dictates that it be buried deeply enough so 
that it will not be disturbed or damaged by digging, farm 
implements, etc. It is recommended that a board or similar 
obstruction be laid on top of the wires as a warning when 
subsequent digging becomes necessary. The use of this cable 
results in the least costly of all underground installations, 
which probably explains its rapidly growing popularity. 

Parkway Cable. — Another cable that may be buried without 
further protection is parkway cable. It is commonly used for 
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suburban street-lighting purposes. It consists of one or more 
conductors insulated with a particularly high grade of rubber 
compound that is especially resistant to water. Over these 
wires there is a layer of moisture-resisting rubber compound 
to make an assembly that is round or oval as desired, and over 
this there is usually a layer of duck or similar material impreg- 


ntxiBLi asphalt 
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Ficj. 6-10. — Nonmetallic parkway cable can be buried directly in the ground, 
for it is moisturc'-resistant and mecjhanically tough. 



Citscent Ins. Wire & Cable Co, 


1' iG. (j-ll. This arnioicd parkway ciible is similar to the nonmetallic 
t.\pe shown in Fig. 6-10, but has metal armor for still further mechanical 
protection. 

nated with moisture-resistant saturants. Over these come, 
in turn, several layers of tough semi hard rubber tapes for 
mechanical protection; and finally over all is a braid of fabric, 
usually jute, saturated with weatherproofing compound of an 
asphalt nature, finished with a layer of talc or mica for cleanli- 
ness. This construction, shown in Fig. 6-10, is typical of 
parkway cable of the nonmetallic type. 

Frequently a layer of interlocking steel tape Ts added mak- 
ing the metal-armored type shown in Fig. 6-11. Often, to 
make the cable still more enduring, a lead sheath is applied 
over the filler and under the armor. There are many other 
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variations in the exact method of construction, but the types 
shown in Figs. 6-10 and 6-11 are the most common. 

Weatherproof Wire. — When wires are run between build- 
ings, there is no great likelihood that anyone will ever touch 
them. They are usually suspended a considerable distance 
above the ground and not close to each other. Therefore there 
is not the need for the same kind of insulation found on wires 
for interior use, where the wires usually lie next to each other 
inside conduit or cable. On the other hand, wire used out- 
of-doors must stand exposure to the weather, a factor that 
need not be considered for interior use. A special wire know n 



U, S. Rubber Co, 

Fig. 6-12. — Triple-bi aid weatherpioof wiie. It may never be used indooiiA. 

as ^Sveatherproof wdre’^ is used for outdoor w^ork; it may 
never be used indoors (Code Sec. 3102). The Code in no way 
prohibits the use of rubber-covered wire out-of-doors, but it is 
common practice to use weatherproof wire for that purpose; 
as a matter of fact, it will last longer and, especially in the 
large sizes, it costs less than rubber-covered wire. 

The Code refers to this wire as Type WP. As shown in 
Fig. 6-12, there is a copper conductor, usually with three 
separate cotton braids; the entire assembly is saturated with 
weatherproofing moisture-resistant compounds, usually of an 
asphaltic nature, and is finished off with an application of flake 
mica for cleanliness. Most of the wire of this type made today 
is manufactured to the specifications of the Utilities^ Research 
Commission and is known as Type URC. 

Since weatherproof wire is installed outdoors, any heat 
developed is easily radiated; extra heat does not create a 
fire hazard, as in the case of wires installed indoors. For 
these reasons *any given size of weatherproof wire is permitted 
to carry more amperes than the same size of rubber-covered 
wire. The carrying capacities will be found in Code Table 
2 (see Appendix); those of the smaller sizes are as follows: 
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No. 14 30 amp. No. 6 100 amp. 

No. 12 40 amp. No. 4 130 amp. 

No. 10 55 amp. No. 2 175 amp. 

No. 8 70 amp. No. 0 235 amp. 

Service Entrance Cable. — There are several types of cable 
known as '^service entrance cable.” These will be described 
in Chap. 12. 

Lamp Cords. — When wires are installed permanently, they 
need be only sufficiently flexible to permit reasonably easy 
installation. If the wires must be moved about, as on a floor 
lamp, a vacuum cleaner, or a portable motor, they must be 



U, S. Rubber Co. 

Fig. 6-13. — Type PO lump cord is commonly used on floor lamps and similar 

devices. 

very flexible. This is necessary first of all for convenience 
and secondly to prevent the conductors from breaking, which 
would be likely if they were solid copper of considerable 
diameter. Flexible wires of this type are called “flexible 
cords” in the (^ode and have come to be known usually as 
“lamp cords.” There are a great many different kinds, the 
more common of which will be described here. 

Type PO. — This is the familiar cord used on floor lamps 
and similar devices which is commonly called “silk cord.” 
Like all lamp cords it begins with a conductor made of many 
strands of fine copper, over which there is a layer of cotton 
which prevents the rubber insulation from sticking to the 
copper. If this were not done, it would be practically impos- 
sible to clean off the rubber sufficiently well to make a good 
electrical connection. Over the rubber comes a loose braid of 
cotton, completing the single conductor. Two of these are 
laid parallel side by side, and a final braid of rayon completes 
the assembly. The detailed construction is shown in Fig. 6-13. 

The thickness of the insulation varies with the size of the 
conductor. If the insulation is in., it may be used only in 
No. 18, and the resultant wire is known as “PO-64.” If the 
insulation is }42 it may be used on sizes 18 and 16, and 
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the resultant wire is known as ''PO-32/^ If the insulation is 
%4 in., it may be used on No. 14 and heavier, and the wire is 
known simply as 

Type POSJ. — The Type PO described in the preceding 
paragraph is fast being replaced by the Type POSJ shown in 
Fig. 6-14. It consists of the two basic stranded conductors, as 

U» S. Rubber Co, 

1 lo 6-14 — Type POSJ lamp coid is veiy tough and stands moie mechanical 
abuse than the Type PO 

in Type PO, each covered with a serving of cotton to prevent 
the insulation from sticking to the copper, but the two con- 
ductors arc imbedded in a solid mass of rubber insulation 

• 

which is built up to the full of the finished wire, with no 
further protection. For this reason the rubber is of a much 
higher grade than is required for ordinary insulation, making 
it very much tougher mechanically. The two conductors are 



U, S. Rubber Co, 


Pig 6-15 — Type C lamp cord is a good all-aiound knockabout cord 

usually made wdth a slit between them, or with a depression 
on either side of the assembly, to make it easy later to separate 
the two conductors at the point where a connection is to be 
made. This Type of ware is usually made only in Nos 18 
and 16. 

TypeC . — Where appearance is not a great factor and dura- 
bility is more important. Type C cord is frequently used It 
is shown in Fig. 6-15 and is usually known by the name Green 
and Yellow.^' It consists of two basic conductors as used on 
Type PO, each conductor finished off with a serving of tough 
cotton, usually green and yellow in color, from which it derives 
its popular name. Two of these conductors twdsted together 
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form the completed cord. It is made in sizes from Nos. 18 to 8. 
The insulation is never lighter than m. 

Types S and SJ. — The types of lamp cord described have 
relatively little resistance to moisture and will not stand a 
great deal of mechanical wear and tear. For motors, garage 
equipment, and similar devices, it is necessary to have a cord 
that is strong mechanically and that is also resistant to 
moisture. Type R, pictured in Fig. 6-16, is usually used for 
this purpose. The foundation consists of two or more 
stranded insulated conductors, as in other types of lamp cords, 
twisted together and the open spaces filled with cotton, jute, or 



V, iS. Rubber Co» 

J rn. 0-1(5. — Typo S lamp cold hajs more mechanical strength and is very tough 


twisted paper so that the complete assembly is round. Over 
this is usually a very loose cotton braid to hold the assembly 
together. Then comes a final layer of a very high-grade 
rubber, which is very tough mechanically. This makes the 
complete assembly pictured. 

Type SJ is identical except that the outer layer of rubber is 
not so thick, making an assembly of a smaller diameter. 

Either type comes in two styles — stationary and constant 
service. In the constant-service style the conductor is made 
of a greater number of strands of copper, each smaller in 
diameter than in the stationary style. For example. No. 18 
stationary style consists of 16 strands of No. 30, whereas the 
constant-service style consists of 41 strands of No. 34. 
The total cross-section area of copper of each assembly is the 
same. 

Type S cord is made in sizes from 18 up to as heavy a size 
as is needed, some of the cords being over an inch in diameter. 
Type SJ is made only in sizes 18 and 16. 

Type SV. — This is practically identical with Type SJ but 
is of a smaller over-all diameter. It is approved only for use 
on vacuum cleaners and is made only in No. 18. 



98 


THEORY AND BASIC PRINCIPLES 


Type PWP. — cord that is sturdier than Type PO, C, 
or POSJ, yet not so heavy and durable as Type SJ or S, is 
the Type PWP shown in Fig. G-17. It consists of two basic 
conductors, as in Type C, twisted together, plus a rubber filler 
which is added to make the assembly round, finished off with 
an outer jacket of cotton impregnated with a moisture- 

U. S. Rubber Co, 

Fig. 6-17. — Type PWP lamp cord is relatively little used; it is tougher than 
ordinary Type C but serves approximately the same purposes. 

resistant compound. It is often known simply as “reinforced 
cord.” 

Type K . — This type of cord is very similar to the Type 
PWP just described, except that the rubber filler is omitted 
and the spaces between the individual conductors are filled 
with jute or similar material. Its construction is shown in 



U. S. Rubber Co. 

Fig. 6-1 S. — Type K lamp cord is usually made only in faiily heavy sizes 
and is used where Type S is sturdier than required and other types are not 
sturdy enough. 

Fig. 6-18, and it is known also as ‘^brewery cord’^ or stage 
cable.'^ 

Heater Cord. — Cords that are used on heating devices such 
as flatirons, toasters, and portable heaters fall into the classifi- 
cation known as “heater cords.’’ The basic stranded con- 
ductor has the usual serving of cotton to prevent the rubber 
insulation from sticking to the copper, but over the rubber 
there is a layer of asbestos to withstand the heat developed 
should there be accidental contact with the hot surface of the 
appliance. Moreover, in this particular type of construc- 
tion the Code permits a carrying capacity of 10 amp. for No. 
18 and 15 amp. for No. 16, as compared with 5 and 7 amp., 
respectively, for the same sizes of ordinary lamp cords. This 
higher amperage causes more heat, and the asbestos layer is a 
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safety measure. The asbestos is applied in various ways but 
in any event must cover each conductor completely before 
twisting. Over all corned a layer of rayon or cotton which 
makes a compact assembly and gives a neat appearance. 
The type described is HPD and is shown in Fig. 6-19; if the 
outer layer is rubber instead of cotton or rayon, it is Type 
IISJ; if each conductor is given an outer layer of cotton over 
the asbestos, before the two conductors are twisted together, 
it becomes Type HC. 

Cycles. — The smaller the size of the individual strands in 
a cord, the greater the flexibility of the cord. Depending on 
the stranding, heater cords are known as “3,000 cycle*’ or 
“10,000 cycle,” the latter being the more flexible. 


/yir/WWV’ /w ' 

U, S. Rubber Co. 

Fig. G-19. — Heater cords have a layer of asbestos over the rubber insulation. 
They are used on toasters, flatirons, and similar appliances. 

Fixture Wire. — For the internal wiring of lighting fixtures, 
special wire known as “fixture” wire is used. There are many 
types of fixture wire, and the particular type used depends to 

U, S. Rubber Co, 

Fk;. 6-20. — Fixture wire is used only in the internal wiring of lighting fixtures. 
Above is shown one of several approved constructions. 

a great extent on the temperature that exists in the wire in use. 
Those with rubber insulation may be used only if the tempera- 
ture docs not exceed 122®F. (50°C.), but the most common is 
the Type C'F pictured in Fig. 6-20, which employs no rubber in 
the insulation. It may be used at temperatures not exceeding 
194°F. (9()°C.). At higher temperatures, Type AF using 
asbestos for insulation must be used. 

. Identification of Conductors. — Whenever two or more wires 
are assembled in a cable or in lamp cord, one of them is always 
white. Of the other wires the second is black, the third red, 
etc., each one different in color. 
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Low-voltage Wire. — Certain types of wire are intended only 
for low-voltage work, usually under 30 volts, such as wires for 
doorbells, telephones, etc. Usually the source of current for 
operating such devices is very limited in capacity so that 
ordinarily it is safe to assume that no hazard exists. There- 
fore the Underwriters do not concern themselves with wire for 
purposes. 


U. S. Rubber Co. 

Fia. 6-21. — Annunciator wire has very little insulation and is used only foi 
low-voltage work. 



U. 8. Rubber Co. 

Fig. 6-22. — Thermostat cable consists of two or iiioie sepaiate annunciator 
wires bundled into one cable. 

Annunciator Wire. — This wire is pictured in Fig. 6-21. It 
consists of a copper conductor over which arc two layers of 
cotton, the two wrapped in opposite directions, then paraffined 
to give it some semblance of being moisture resistant. It is 
commonly known as ^^bell wire.’^ Frequently two or more 
such wires are bundled together into one cable, which then 
receives a final outer braid of cotton, again paraffined. An 
assembly of this kind appears in Fig. 6-22; it is commonly 
known as ^Hhermostat cable because it is most frequently 
used in connection with furnaces and thermostats. 



CHAPTER 7 

SELECTION OF PROPER WIRE SIZES 


For any given combination of volts and amperes it is neces- 
sary to select a size of wire that not only prevents the devel- 
opment of dangerous temperatures, but also avoids wasted 
power in the form of voltage drop. Regardless of the size of 
wire selected, it is impossible to avoid all voltage drop; 
nevertheless, it must be held to nominal, practical proportions. 

Advantage of Low Voltage Drop. — Voltage drop is simply 
wasted electricdty. If the drop is 5 per cent, it means that 
5 per cent of the power is wasted as unwanted heat in the 
wires. Moreover, all electrical devices operate most effi- 
ciently on the voltage for which they were designed. If an 
electric motor is operated on a voltage 5 per cent below its 
rated voltage, its power output drops almost JO per cent; if 
operated on a voltage 10 per cent below normal, its power out- 
put drops 19 per cent. 

If a lamp bulb is operated on a voltage 5 per cent below its 
rated voltage, the amount of light it delivers drops about 16 
per cent; if the voltage is 10 per cent below normal, its light 
drops over 30 per cent. So it is with most other electrical 
devices — the output drops off much faster than the reduction 
in voltage. It should then be readily apparent that voltage 
drop must be limited to as small a figure as is practical. 

Practical Voltage Drops. — The 1947 Code in Sec. 2202 
recommends that, for feeders, wire size be chosen to limit the 
voltage drop to 3 per cent for power loads, or 1 per cent for 
loads consisting of lighting or lighting and power combined. 
Feeders are the wires up to the branch-circuit fuses or other 
overcurrent protection; the branch circuits begin where the 
feeders end. The Code contains no recommendation regard- 
ing permissible voltage drops in branch circuits. In most 

101 
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house wiring the only wires that can be considered feeders are 
those ahead of the main switch; on farms the wires between 
buildings are usually considered feeders. 

It seems likely that the Code Sec. 2202 was intended pri- 
marily for commercial and industrial use, but its advice is 
useful for all conditions; where there are no feeders, the recom- 
mended figures may well be adopted as applying to branch 
circuits. A happy medium, which will probably not be found 
unsatisfactory for general application in home and farm use, 
is to limit the voltage drop to a maximum of 2 per cent over 
the entire circuit from meter to current-consuming device. 

This means that on a 115-volt circuit the voltage drop 
should not exceed 2.3 volts; on a 230-volt circuit it should 
not exceed 4.6 volts. 

In residential wiring, if No. 14 wire is used for the ordinary 
branch circuits, the voltage drop will usually not greatly 
exceed the 2 per cent figure. On the other hand, the bulbs 
commonly used in floor lamps are getting bigger and bigger; 
appliances consuming 1,000 watts are becoming more and more 
common, and, all told, people are using more electricity every 
day, so that circuits are being loaded closer and closer to the 
limit of their carrying capacity. Therefore there is good 
reason for the trend today toward considering No. 12 the 
smallest size wire to be commonly used for residential wiring. 
It seems probable that some future Code will require No. 12 
as the minimum size wire permitted for ordinary wiring, just 
as today No. 14 is the smallest permitted. 

Determining Minimum Wire Sizes. — First, determine the 
maximum amperage the wire will be called upon to carry. 
Then refer to Table 1^ of the Code (see Appendix) and deter- 
mine the smallest size wire that may be used. For example, 
if 18 amp. is to be carried, reference to this table will show 
that if rubber-covered wire to be used No. 14 is too small, 

1 Use Table 1 for all types of wiring except the knob and tube system, 
for which Table 2 is used. In either case, for the purpose of illustration, 
it is here assumed that only Type R rubber-covered wire is \ised. Chap- 
ter 25 will cover other types. 
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No. 12 is suitable. If, however, weatherproof wire is to be 
used, Nb. 14 is sufficient. This table merely shows what the 
minimum ^size may be, considering the safe carrying capacity. 
The minimum size may be entirely too small when voltage 
drop is considered. 

Calculating Voltage Drops by Ohm’s Law. — The actual 
voltage drop in any problem may be determined by the use 
of Ohm^s law, which was discussed in Chap. 2: 

E = IR, or Voltage drop = amperes X ohms. 

For example, assume that a 500-watt floodlight is to be 
operated at a point 500 ft. from the meter; this requires 1,000 
ft. of wire. At 115 volts, 500 watts is equivalent to about 

1.4 amp. Taking No. 1 1 wire as a random size. Table 18 in 
the Appendix shows that it has a resistance of 2.475 ohms per 
1,000 ft. The voltage drop then is 4.4 X 2.475, or 11 volts, 
considerably over the limit of 2 per cent, or 2.3 volts. 

Trying other sizes, No. 6 with 0.387 ohm per 1,000 ft. 
involves a drop of 1.703 volts, No. 8 with 0.6158 ohms per 
1,000 ft., 2.709 volts. Therefore, if the floodlight is to be used 
a great deal, use No. 6 wire; if it is to be used relatively little, 
No. 8 is acceptable; and if it is to be used only in emergencies, 
No. 10 with 4.3 volts drop (or even No. 12) will be entirely 
suitable, in that the amount of power wasted per year would 
not begin to pay for the extra cost of the heavier wire. 

If in this example the distance had been 400 ft. instead of 
500 ft., the length of the wire would have been 800 ft. instead 
of 1,000 ft. The voltage drop would then have been 800/1,000, 
or 80 per cent of what is for 1,000 ft. 

Now assume that the same floodlight is to be operated at 
the same distance of 500 ft. but at 230 volts instead of 115 
volts. The amperage now becomes 2.2 instead of 4.4. Mak- 
ing the same calculations. No. 14 wire gives a drop of only 

5.5 volts, still above the 4.6 volts (2 per cent of 230 volts) 
considered permissible on a 230- volt circuit. Number 12 with 
a resistance of 1.557 ohms per 1,000 ft. gives a drop of 2.2 
X 1.557, or 3.425 volts, well under the 4.6-volt limit that 
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has been set. This emphasizes the desirability of using higher 
voltages where a considerable distance is involved •as well 
as where considerable power is involved. 

Desirability of Higher Voltages. — For any given wattage 
and any given distance^ the voltage drop measured in volts is on 
any given size of wire exactly twice as great on 115 volts as it 
is on 230 volts. Doubling the voltage (regardless of what the 
actual voltages are) reduces the voltage drop in volts exactly 
50 per cent if the Avattage, the distance, and the wire size 
remain the same. It is the wattage and not the amperage that 
must remain unchanged for this statement to be correct. 

When the voltage drop in percentage is considered, remember 
that in the case of the 230- volt circuit the initial voltage is 
twice as large but the actual voltage drop only half as large 
as in the case of the 115-volt circuit. From this it should be 
evident that the voltage drop in percentage will be only one- 
fourth as great using 230 volts as it is using 115 volts — the 
wattage, the wire size, and the distance, of course, remaining 
unchanged during the discussion. For example, in the first 
instance, 500 watts, 500 ft. distance (1,000 ft. of wire). No. 
14 wire on the 115-volt circuit involved a drop of 11 volts, 
which is 9.6 per cent of 115 volts; on the 230-volt circuit the 
drop was 5.5 volts, which is 2.4 per cent of 230 volts; 2.4 per 
cent is one-fourth of 9.6 per cent. 

All the foregoing can be simply restated: any size of wire 
will on 230 volts carry any given wattage 4 times as far as on 
115 volts, with the same percentage of voltage drop. This 
statement should not be confused with the statement made 
above, that any size of wire will carry any given wattage twice 
as far with the same number of volts drop. 

Another Method of Calculating Voltage Drop. — Another 
formula that is frequently used is 


Circular mils = 


distance in feet X amperage X 22 
volts drop 


Applying this to the floodlight example, which involves a 
distance of 500 ft., 4.4 amp., and a voltage drop that is to be 
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limited to 2.3 volts, the formula becomes 


Circular mils = 


600 X 4.4 X 22 
2.3 


48,400 

2.3 


21,043. 


In other words, to limit the voltage drop to exactly 2.3 volts, 
wire having a cross-sectional area of 21,043 c.m. must be used. 
Reference to Table 18 of the (bde (see Appendix) shows that 
there is no wire having exactly this cross-sectional area, but 
No. 7 comes very close, with 20,820 c.m. Since the odd sizes 
of wire are not available, compromise on No. 6 with a little 
under 2.3 volts drop, or No. 8 with a little over 2.3 volts 
drop. 

If, instead of determining the size of wire that will produce 
a given voltage drop, the actual voltage drop with a given size 
wire is to be determined, merely transpose the formula to read 


Volts drop = 


distance X amperes X 22 
circular mils 


To determine the number of feet any given size of wire will 
carry any amperage, transpose the formula once more to read 


Distance = 


v olts drop X circular mils 
amperes X 22 


Three-phase Voltage Drop. — The formulas given above are 
correct for direct current as well as for single-phase and 2-phase 
alternating current. In the case of 3-phase current a correc- 
tion factor must be applied. Calculate the drop, using the 
formula above; then multiply the answer by 0.865 (0.865 is 
one-half of the square root of 3). A simple short cut is to 
deduct } 7 from the answer, whether it is volts or circular mils. 
If preferred, the formula above may be used after substituting 
19 for 22. 

Voltage-drop Tables. — For most purposes there is no need of 
going through tedious calculations to arrive at the right size 
wire to use. Suitable tables are shown on pages 106 and 107, 
one for 115 volts, the other for 230 volts, each based on 2 per 
cent drop. Under each wire size is shown the one-way distance 
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Wire Table — 115 Volts — 2 Per Cent Voltage Drop 


Am- 

peres 

Volt- 
amperes* 
at 115 
volts 

No. 

14 

No. 

12 

i 

No. 

10 

No. 

8 

No. 

6 

No. 

4 

No. 

2 

No. 

0 

No. 

00 

1 

115 

450 

700 

1,100 

1,800 

2,800 

4,500' 

7,000 



2 

230 

225 

350 

550 

900 

1,400 

2,200 : 

3,500 



3 1 

345 

150 

240 

350 

GOO 

900 

1,500 : 

2,300 : 

3,750 


4 

460 

no 

175 

275 

450 

j 700 

1,100 

l,750: 

2,750 

3,500 

5 

575 

90 

140 

220 

360 

j 560 

880 

1,400 : 

2,250 

2,800 

7K 

860 

60 

95 

150 

240 

375 

600 

950 

1,500 

1,900 

10 

1,150 

45 

70 

no 

180 

280 

450 

700 

1,100 

1,400 

15 

1,725 

30 

45 

70 

120 

180 

300 

475 

750 

950 

20 

2,300 

22 

35 

I 55 

! 00 

140 

225 

350 

550 

700 

25 

2,875 

18 

28 

45 

70 

no 

180 

280 

450 

560 

30 

3,450 

15 

25 

i 

35 

60 

90 

150 

235 

340 

470 

35 

4,025 


20 

30 

50 

80 

125 

200 

320 

400 

40 

4,600 


17 

27 

45 

70 

no 

175 

280 

350 

45 

5,175 



25 

40 

60 

100 

155 

250 

310 

50 

5,750 



22 

35 

55 

90 

140 

225 

280 

60 

6,900 


1 


30 

45 

75 

120 

185 

240 

70 

8,050 




25 

40 

65 

100 

160 

200 

80 

9,200 





35 

55 

85 

140 

180 

90 

10,350 





30 

50 

75 

125 

160 

100 

11,500 





28 

45 

70 

115 

140 


* The figure in this column is also the wattage of the eiieuit if the power is diiect cur- 
rent or if it is single-phase alternating current ami the load has a power factor of 100 per 
cent, as is the case with lamp bulbs and most appliances. 

In this table, the figuies lielow' each size ware represent the maximum distance which 
that size wire wdll cany the amperage in the left-hand eolumn, with 2 per cent voltage 
drop. All distances are one-way; in a circuit 100 ft. long, of course 200 ft. of wire is used, 
but look for the figure 100 above. 

If a distance appears in boldface type, it indicates that the amperage in the left-hand 
column is too great for Type R wire in conduit, but not too great for Type R wire in 
open air. 

If a distance appears in italics, it indicates that the amperage in the left-hand column 
is too great for Type R wure under any circumstances, but not too great for weatherproof 
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Wire Table — ^230 Volts — 2 Pee Cent Voltage Deop 


Am- 

peres 

Volt- 
amperes* 
at 230 
volts 

No. 

14 

No. 

12 

No. 

10 

No. 

8 

No. 

6 

No. 

4 

No. 

2 

No. 

0 

No. 

00 

1 

230 

900 

1,400 

2,200 

3,600 

5,600 

9,000 




2 

460 

450 

700 

1,100 

1,800 

2,800 

4,500 

7,000 



3 

690 

300 

480l 

700 

1,200 

1,800 

3,000 

4,600 

7,500 


4 

920 

220 

350 

550 

900 

1,400 

2,200 

3,500 

5,500 

7,000 

5 

1,150 

180 

280 

440 

720 

1,020 

1,750 

2,800 

4,500 

5,600 


1,720 

120 

190 

300 

480 

750 

1,200 

1,900 

3,000 

3,800 

10 

2,300 

90 

140 

220 

360 

560 

900 

1,400 

2,200 

2,800 

15 

3,450 

60 

90 

140 

240 

360 

600 

950 

1,500 

1,900 

20 

4,600 

46 

70 

110 

180 

280 

450 

700 

1,100 

1,400 

25 

5,750 

35 

65 

90 

140 

220 

360 

560 

900 

1,100 

30 

6,900 

SO 

/>0 

70 

120 

180 

300l 

470 

680 

940 

35 

8,050 


id 

60 

no 

160 

250 

400 

640 

800 

40 

9,200 


35 

65 

90 

140 

220 

350 

560 

700 

45 

10,350 



50 

80 

120 

200 

310 

500 

620 

50 

11,500 



45 

70 

no 

180 

280 

450 

560 

60 

13,800 




60 

90 

150 

240 

370 

480 

70 

16,100 




50 

80 

130 

200 

320 

400 

80 

18,400 





70 

no 

170 

280 

360 

90 

20,700 





60 

100 

150 

250j 

320 

100 

23,000 





55 

90 

140 

230 

280 


* The figure in this column is aho the wattage of the circuit if the power is direct cur- 
rent, or if it i- single-phase alternating current and the load has a power factoi of 100 per 
cent, as is the case wi h lamp bulbs and mo‘t apidiances. 

In this table, the figuies below each size wire represent the maximum distance which 
that size wire will cany the amperage in the left-hand column, with 2 per cent voltage 
drop. All distances are one-way; in a circuit 100 ft. long, of course 200 ft. of wire is 
used, but look for the figure 100 above. 

If a distance appears in boldface type, it indicates that the amperage in the left-hand 
column is too great for Type R wire in conduit, but not too great for Type R in open air. 

^f a distance appears in italics, it indicates that the amperage in the left-hand column 
is too great for Type R under any circumstances, but not too great for weatherproof 
wire. 
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which that size wire will carry the amperage shown in the left- 
hand column. To clarify, not the number of feet of wire in 
any problem, but the distance from starting point to the load in 
question is given. When the distance appears in boldface 
type, it indicates that rubber-covered wires in open wiring, but 
not in conduit or cable, may be used. When the distance 
appears in italics^ it indicates that only weatherproof wire 
will carry the corresponding amperage in the left-hand column; 
distances shown in ordinary type are applicable to cither 
rubber-covered or w^eatherproof wdre. 

In the event that the tables are used for 3-phase current, 
increase all distances shown 36* Iii the formulas above, 3? 
was deducted, w^hich is the same as multiplying by ; for the 
table add } which is the skme as multiplying by Jo- 

Note that these tables are based on an assumed voltage drop 
of 2 per cent. If, under certain circumstances, other voltage 
drops are to be permitted, the tables are easily converted, as 
follows: 

For a voltage drop of 1 per cent, decrease all distances ])y 50 jx r (‘(‘iit 
For a voltage drop of 2^2 per cent, increase all distances by 25 p(‘r cent 
For a voltage dioj) of 3 per cent, increase all distances by 50 p(M cent 
For a voltage drop of 4 per cent, inciease all distances by 100 p(T C(‘nt 
For a voltage drop of 5 per cent, increase all distances by 150 per cent 

Cost of Voltage Drop. — ^As already discussed, voltage 
drop represents w^asted electricity, powTr used to heat the 
wires in carrying the current to the point w^hcre it is to be 
used. The smaller the wire and the greater the distance, 
the greater the loss will be. V oltage drop cannot be eliminated, 
but it can be kept to reasonable figures. 

It is not difficult, although a bit tedious, to calculate the 
money wasted in heating wires by unwanted voltage drop. 
On page 109 is reproduced a tabulation^ showing exactly what 
price is paid per year for the wasted power when different 
amperages are carried by various sizes of Avire over several 
different distances. The table is based on the assumption 

^ Bv J. B. Stere, Electricity on the Farm, April, 1946. 
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Wiro 

size 

Dis- 

tance, 

feet 





Load 

, amperes 



10 

15 

20 

25 

30 

40 

50 

60 

70 

80 

90 

No. 14 

50 

0.25 

0.60 











100 

0.50 

1.20 











200 

1.00 

2.40 











300 

1.50 

3.60 










No. 12 

50 

0.16 

0.36 

0.64 






j 




100 

0.32 

0.72 

1.28 






1 




200 

0.64 

1.44 

2.56 










300 

0.96 

2.16 

3.84 






1 



No. 10 

50 

0.10 

0.23 

0.40 

0.62 

0.90 




i 




100 

0.20 

0.45 

0.85 

1.24 

1.80 








200 

0.40 

0.90 

1.60 

2.48 

3.60 





I 



300 

0.60 

1.35 

2.40 

3.72 

5.40 







No. 8 

50 

0.06 

0.15 

0.25 

0.40 

0.60 

1.00 







100 

0.12 

0.30 

0.50 

0.80 

1.20 

2.00 







200 

0.24 

0.60 

1.00 

1.60 

2.40 

4.00 







300 

0.36 

0.90 

1.50 

2.40 

3.60 

6.00 






No. 6 

50 

0.04 

0.09 

o.iol 

0.25 

0.36 

0.64 

1.00 






100 

0.08 

0.18 

0.32 

0.50 

0.72 

1.28 

2.00 






200 

0.16 

0,36 

0,64 

1.00 

1.44 

2.56 

4.00 






300 

0.24 

0.54 

0,96 

1.50 

2.16 

3.84 

6.00 





No. 4 

50 

0.03 

0.06 

0.10 

0.15 

0.22 

0.40 

0.62 

0.90 

1.22 




100 

0.05 

0.12 

0.20* 

0.30 

0.44 

0.80 

1.24 

1.80 

2.44 




200 

0.10 

0.24 

0.40 

0.60 

0.88 

1.60 

2.48 

3.60 

4.88 




300 

0.15 

0.36 

0.80 

0.90 

1.32 

2.40 

3.72 

5.40 

7.32 



No. 2 

50 ' 

0.02 

0.04 

0.06 

0.10 

0.13 

0.25 

0.40 

0.60 

0.77 

1.00 

1.26 


100 

0.03 

0.07 

0.12 

0.20 

0,25 

0.50 

0.80 

1.20 

1.54 

2.00 

2.52 


200 

0.06 

0.15 

0,24 

0.40 

0.50 

1.00 

1.60 

2.40 

3.08 

4.00 

5.04 


300 j 

0.09 

•0.22 

0.36 

0.60 

0.75 

1.50 

2.40 

3.60 

4.62 

6.00| 

7.56 


Tliis table shows the cost of electrical power wasted as heat in wires, in the form of 
voltage drop. Start with the size of wire involved, select the proper line represent- 
ing the one-way length of the circuit, follow that lino to the right until it intersects the 
column showing the amperage under consideration. The figure shown there is the cost 
of the wasted power over a period of 600 hr., with power costing 2 cts. per kilowatt-hour. 
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that power flows exactly 500 hr. per year (less than 1 }^ hr. 
per day) and that power costs 2 cts. per kilowatt-hour. 

To use the table, follow the amperage column downward 
until it intersects with the size-and-distance line involved. 
The figure at the intersection represents the cost per year 
of the wasted power in that circuit. For example, assume 
a 115-volt 2-hp. motor consuming about 20 amp., operating 
at a distance of 200 ft. from the service switch. If No. 12 
wire is used, the cost of the power wasted in the wires is $2.56 
per year. The following tabulation will show the cost with 
other sizes of wire. It will also show the cost of the wasted 
power in operating the same motor over the same size wires, 
but operating at 230 volts, and then consuming only 10 amp. 


Wire size 

115 volt 
20 amp. 

230 volt 

10 amp. 

No. 12 

1 

$2.56 

SO.Gl 

No. 10 

1.60 

0.40 

No. 8 

1.00 

0.24 

No. 6 

0.64 

0.16 

No. 4 

0.40 

0.10 

No. 2 

1 

0.24 

O.OG 


This study shows the advantage of using 230-v()lt devices 
where possible, instead of using the corresponding 115-volt 
type, resulting in less wasted power, more efficient operation, 
and much smaller initial investment in wire. It also shows, 
regardless of voltage, the advantage of using the heavier sizes 
of wire. 

As Stere^ in his article points out, the most economical 
electrical installation is that in Avhich the cost of the wire is 
equal to the cost of the wasted electric power during the useful 
life of the wire. Considering obsolescence, this should not be 
considered to be more than 5 to 8 years. This condition is 
approximated Avhen the equipment is used 500 hr. per year 
and power costs 2 cts. per kilowatt-hour, if the voltage drop 
^ J, B. Stere, Electricity on the Farm^ April, 1946. 
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is limited to 2 per cent. If the equipment is operated 1,000 
hr. per year, it will probably prove economical to limit the 
drop to 1 per cent. 

Outdoor Wiring. — In outdoor wiring there is one additional 
factor to be considered : mechanical strength. The wires must 
be heavy enough to support not only their own weight, but also 
the strain imposed by winds, ice loads, etc. In many areas it 
is not unusual to see a layer of ice an inch thick around outdoor 
wires after a severe sleet storm. For this reason it is best to 
use nothing lighter than No. 12 wire for spans up to 25 ft.. 
No. 10 up to 50 ft., No. 8 up to 100 ft., and No. 6 over 100 ft. 
If distances over 150 ft. are involved, use heavier wires or 
install extra poles for supports. 

In installing outdoor overhead wires, take into considera- 
tion the expansion and contraction that takes place with 
changes in the temperature. A 100-ft. .span of copper wire will 
be almost 2 in. shorter when it is 30° below zero than on a hot 
summer day when the thermometer stands at 100°. If, 
therefore, the wires are installed on a cold winter day, they 
may be pulled as tight as practical. If installed on a hot day, 
allow considerable sag in the span so that when the wires 
contract in the winter no damage will be done. 



CHAPTER 8 

WIRE CONNECTIONS AND JOINTS 


Wires must be connected to switches, re(^eptacles, and other 
devices. This is very simply done, yet many times such 
connections are poorly made. Study carefully the following 
points. 

Removing Insulation. — Cut through the insulation down to 
the copper conductor, holding the knife not at a right angle but 
at about 60 deg. This precaution prevents nicking of the 


^v wvww wcwfloowhiU /wiwQnowco^^ 



RIGHT WRONG 

Fig. 8-1. — In removing insulation from wire which is to be attached to a 
terminal, hold knife at an angle of about 00 deg. 

conductor, which weakens it and sometimes leads to breaks. 
After the insulation has been severed all around, pull it off, 
leaving the conductor sticking out far enough to suit the 
purpose (see Fig, 8-1). For a good electrical connection it is 
necessary scrupulously to clean off traces of rubber or other 
insulation. 

Terminals. — Wire is fastened to devices by means of 
terminals designed for the purpose. If the devi(;e is intended 



Fig. 8-2. — Terminals for attaching wires. 


for wire No. 8 or lighter, it is usually provided with ordinary 
screw terminals of the type shown in Fig. 8-2. The end of the 
terminal is bent upward to prevent the wire from slipping from 
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under the terminal screw. This screw is often upset so that 
it cannot be removed entirely and lost. 

Bend the end of the wire into a loop to fit and insert it under 
the terminal screw in such a way that tightening the screw 
tends to close rather than to open the loop. Figure 8-3 should 

Screw closes hop Screw opens hop 

RIGHT WRONG 

Fig. 8-3. — Bend the loop on wire so that the terriiinal screw tends to close 

the loop- 

make this clear. It is best to close the loop completely with 
long-nosed pliers after it is inserted under the screw. Cut off 
any excess length of wire so that the insulation comes up close 
to the terminal (sec Fig. 8-4). 


InsuhNon dose h 
fermlnal screw 



Donf leave long 
exposed wire. 



RIGHT WRONG 

Fig. 8-4. — Do not leave exposed conductor next to terminals. 



Ilaco Copper Tube dk ProductSf Inc. Ideal Commutator Dresser Co. 

Fig. 8-5. — A typical solderless connector. Fig. 8-6. — A typical solder- 

ing lug. 

For N(J. 6 or heavier wire, solderless terminals of the type 
shown in Fig. 8-5 are commonly used. Simply insert the 
stripped and cleaned end of the conductor into the terminal 
or connector, drive home the nut or screw, and the connection 
is completed. 

At other times soldering lugs of the type shown in Fig. 8-6 
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are used. In such cases it is necessary to solder the wire into 
the lug; the way to do this will be explained later in this 
chapter. 

Joints. — In many cases joints between two different pieces 
of wire are prohibited by the Code; these will be mentioned as 
the related work is discussed in this book. At other times 
joints are necessary; consequently it is most important that 
they be made properly. The requirements for joints are 
simple. Mechanically the joint must bo as strong as a con- 




C 

Fio. 8-7. — Pioparing cud of wire which is to be joined to another and later 

soldeied. 


tinuous length of the wire. Electrically it must be as good a 
conductor as a continuous piece of the same wire. After 
completion the insulation over the joint must be replaced so 
that it is e<iui valent to the original insulation on a continuous 
piece of th(' wire. 

To accomplish these three things, it is necessary to remove 
the insulation where the wires are to be joined, make the 
mechanical joint, solder, and replace the insulation by means 
of tapes made for the purpose. Solderless connectors may 
also be used. 

Removing Insulation. — In removing insulation for a joint, 
hold the knife at an angle as in sharpening a pencil, rather 
than at a 60-deg. angle, as in preparing wire for a terminal. 
When stripping stranded wires, be careful not to damage any 
of the individual strands. After the insulation has been cut all 
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the way around the wire, it can often be removed to the end of 
the wire with one pull. In the case of rubber-covered wire it is 
necessary to remove also the outer braid only, for some distance 
back, depending on the size of the wire. Be careful to cut 
only through the outer braid, not into the insulation proper. 
All this is shown in steps in Fig. 8-7. 

Making the Splice. — The simplest and most common 
method of joining two solid wires is shown in successive steps 
in Fig. 8-8 and hardly needs additional explanation. 





Fig. 8-8. — A simple splice; it is strong mechanically. 


Small stranded wires may be spliced in the same way. If 
the stranded wire is of considerable size, it will be better to 
make the type of splice shown in successive steps in Fig. 8-9. 
This may appear a bit difficult but with practice becomes 
relatively easy. Spread the individual strands evenly, as in A . 
Place the two wires end to end with the several strands inter- 
secting, as in B, Then wrap one of the strands around the 
assembly and repeat with one of the strands of the opposite 
piece, wrapping it in the opposite direction; this is shown in C. 
Follow through with alternate strands of each piece and con- 
tinue in this fashion until each strand has been wrapped, giving 
the final appearance of D in Fig. 8-9. Naturally considerable 
practice is required to learn just how long to leave the strands 
for different size wires. 



116 


THEORY AND BASIC PRINCIPLES 


Taps« — The simplest and most commonly used form of tap 
is shown in Fig. 8-10. It is so simple that the picture should be 
self-explanatory. 



C 



D 

Fig. 8-9. — Splicing stranded wires 



With stranded wire the same kind of tap can be used, but, 
especially in heavier sizes, it is better to proceed as shown in 
successive steps in Fig. 8-11. First separate the strands in the 
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main wire into two groups, as in A, so that the tap wire can be 
inserted into the opening. Divide the strands of the tap wire 



into approximately equal groups, as in B. Next wrap each 
group around the main wire, one in the clockwise and the other 


in the counterclockwise direction, 
working toward opposite ends, until 
the tap is completed as in C, 

Fixture Joints. — Where there is no 
mechanical strain whalc'ver on the 
mre, usually the two ends are merely 
twisted together, as shown in Fig. 
^-12, then soldered and taped. 

Splices in Lamp Cords. — In splic- 
ing cords, splice each conductor 



Fig. 8-12. — When there 
is no strain on the wires, 
they may be spliced by 
simply twisting. 


separately, but stagger the two joints so that, when the 
splice is completed, they will not lie next to each other in the 
finished job (see Fig. 8-13). This makes a much less bulky 
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joint in the finished job. A much better practice is never to 
make such a splice at all — use only continuous lengths of cord. 

Soldering. — The joint having been made mechanically, the 
next step is to solder it. It is best to practice first on solid 

IRPRBRBIRBffiflRSE 


P'lG. 8-13. — It is best not to splice lamp cord. If a splice must be made, 
stagger the joints in the two conductors. This makes a smaller and safer 
splice. 

wires rather than stranded. Good soldering is an art; to 
become proficient in it requires considerable practice. The 
requirements for good soldering are: 

1. Absolutely clean conductors. 

2. Careful use of flux. 

3. Clean soldoring copper. 

4. Correct temperature of soldering copper. 

5. Proper solder. 

Clean the Conductor. — The insulation having been removed, 
the next step is to clean the conductor carefully. If this is 
not done, it will be utterly impossible to do a good soldering 
job. The cleaning is usually done by scraping with a knife 
and is no great task. Most building wires have tinned con- 
ductors which make it easier to strip the insulation. If care 
is used in scraping off the remaining traces of insulation, the 
tinned surface remains intact, making soldering much easier. 

The cleaning of small stranded conductors does call for con- 
siderable patience, for it is definitely necessary to clean each 
strand separately. Do not skimp on this detail. 

Flux. — In soldering, a flux of some type is necessary to per- 
mit solder to attach solidly to the copper. For some kinds of 
soldering, acid is used as a flux, but under no circumstances 
may it be used for electrical soldering. The acid reacts with 
the copper to form a new compound, usually of an insulating 
nature, and, especially on fine stranded wires, often eats 
through the copper, destroying the conductor. Use any kind 
of noncorrosive paste, of which several excellent brands are 
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on the market. Use it sparingly. Rosin makes a good flux, 
and rosin-core solder is entirely practical. 

Keep Soldering Copper Clean and at Right Temperature. — 
If a soldering copper is used, whether it is electrically heated 
or heated by a blowtorch, it is necessary that it be kept clean. 
Applying the hot copper to a cake of sal ammoniac will clean it. 
The right temperature can best be learned by experience, too 
hot a copper being just as impractical as one that is not hot 
enough. 

Apply the heat not to the solder but to the conductor; bring 
the conductor rapidly to a temperature at which the solder 
when touched will melt and flow into every little space. Do 



Fig. 8-14. — When hot solder is applied to cold wires, as at the left above, a 
poor joint results. When the hot wires melt the solder, it flows into every 
crevice and makes a good joint, as shown at the light above. 

not touch the solder to the soldering copper at all. If the 
conductor is brought up to heat too slowly, the heat travels 
along the conductor and does little good. Especially when 
using a blowtorch, it is very easy to heat the conductor too 
much, damaging the insulation. Experience alone can show 
just how to proceed. When using a blo^vtorch for soldering, 
remember that the tip of the flame is the hottest spot; there is 
no heat in the inner cone of the flame. 

Figure 8-14 shows the difference in the finished result between 
dropping hot solder on a cold conductor and heating the con- 
ductor sufficiently to melt the solder, which then flows into 
the smallest crevice. 

The only exception to the rule of letting the hot wire melt 
the solder is in the case of relatively small wires, where the 
solder can be picked up in the form of a small globule on 
the soldering copper, if it is at just the right temperature, the 
globule then being applied to the joint. If the wire is small 
enough, the heat of the solder will heat the conductor suffi- 
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ciently to permit the solder to flow, or the soldering copper 
can be applied to the wire after the solder has attached to it, 
thus heating the conductor and permitting the solder to flow 
evenly throughout the joint. 

Splicing Compotmd. — After a joint has been soldered, the 
insulation that was removed must be replaced. Splicing com- 
pound, which has come to be known by the common name of 


rSfarf here 





C 

Fig. 8-15. — Applying rubber tape to a splice. 


“rubber tape” (which describes it nicely), is used for the 
purpose. It consists of a very high grade of rubber put up 
in rolls. The rubber is unvulcanized and under slight pressure 
vulcanizes with other rubber. A layer of cloth between the 
successive layers of rubber in the roll prevents successive layers 
from sticking to each other. This layer of cloth is thrown 
away as the tape is used. 

Wrap several layers of this tape around a pencil, one layer 
on top of the other, stretching the tape tightly as it is applied. 
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Cut through the mass of rubber with a sharp knife and, instead 
of the several layers of rubber that were applied, only one 
single mass of rubber will be found; the several layers have 
vulcanized into a solid mass. 

In applying this tape on a joint, start at one end, laying the 
end of the tape over the tapered end of the rubber insulation, 
then winding it diagonally toward the opposite end, letting the 
successive turns slightly overlap (see A of Fig. 8-15). Keep 
the tape stretched so that, wherever the turns overlap, they 
will vulcanize to each other. From the opposite end, work 
backward toward the starting point in exactly the same 
manner. The individual turns of tape in successive layers 
will be almost at right angles to each other (see B of the same 
picture). Work back and forth in this fashion until the total 
layer of rubber applied is as thick as the original insulation 
on the wire. Be sure that the last application of tape covers 
all portions of insulation where the outer braid has been 
removed. Figure 8-15 at C shows in exaggerated fashion a 
cross-section of a finished joint; in actual practice the small 
openings would be filled up by the pressure caused by keeping 
the tape tight. 

Friction Tape. — Just as the rubber insulation on wire is 
given mechanical protection in the form of an outer fabric 
braid, so the rubber tape applied on joints must be mechani- 
cally protected. Friction tape used for the purpose is made 
of cloth impregnated with a sticky rubber compound. This 
tape is applied in the same way as rubber tape. Start at one 
end, wrap it diagonally along the wire wth turns slightly 
overlapping, and when finished in one direction, start over in 
the opposite; usually two layers are sufficient. 

Weatherproof Wire. — If the joint is in weatherproof or other 
wire that has no rubber in the insulation, rubber tape is not 
required. Simply use friction tape, applying layer after layer 
until the tape over the conductor is as thick ^s the original 
insulation. 

Soldering Lugs. — A typical soldering lug was shown in Fig. 
8-6. The conductor is soldered into this lug, which then is 
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attached to the device with bolts provided for the purpose. 
This sounds simple, yet it is safe to say that a goodly percent- 
age of such soldering jobs are very poorly done, resulting in 
high-resistance joints which lead to arcing, overheating, and 
sometimes damage from the resulting heat. Figure 8-16 shows 
a cross-section of a poorly soldered lug. Note how most of the 



Frankel Connector Co., Inc, 

Fig. 8 - 16 . — Cross-section of a poorly soldered lug 


individual strands of wiro have no trace of solder. Careful 
study of this picture should indicate the points to watch in 
soldering a wire into a lug. 

To solder a wire into a lug is undoubtedly more difficult 
than soldering, for example, a simple splice. The copper con- 
ductor first must be properly cleaned. If the wire is stranded, 
the individual strands^ must not be spread out, which would 
prevent a good mechanical fit in the lug. Tin the exposed 
end of the conductor; apply a reasonable quantity of flux; dip 
the end into a ladle of melted solder, making sure that it is 
hot enough so that it will flow freely into every crevice, every 
space, between individual strands. When it cools, there will 
be a single solid mass of metal: copper and solder. If a blow- 
torch is used instead of a ladle, heat the end of the conductor 
sufficiently so that, when solder in wire form is applied, it 
will melt and flow down into the space between the strands. 
Do not overheat the wire lest the insulation be damaged. 

Tin the inside of the soldering lug in the same way; then 
melt sufficient solder into it so that, when the conductor is 
inserted, the lug, the conductor, and the solder will form a 
single mass of metal. Of course, heat must be applied to the 
lug, by means either of a soldering copper or of a blowtorch, to 
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melt the solder previously inserted in order to permit complete 
fusion of the three elements. 

Because it is recognized that a large percentage of soldered 
joints involving tubular lugs and heavy sizes of wire are poorly 




Ideal Commutator Dreaaer Co, 

Fig. 8-17. — Solderlcbs eonneetois are simply screwed on the wires to be joined. 

made in the field, the 1947 C'ode in Sec. 2358 prohibits their 
use in connection with service equipment, and Sec. 2613 
prohibits their use in connection with grounding conductors 
and clamps. Connections must be made by means of pres- 
sure connectors,^^ as heavy-duty solderless lugs are termed in 
the Code. 

Solderless Connectors. — For joints of the type on which 
there is little mechanical strain, there are available simple 
solderlcss connectors, such as shown in Fig. 

8-17, which also shows a cross-section of 
one joining three wires, and the simple 
method of installation. Hold the ivires to 
be joined in the hand, with the stripped 
ends parallel. If one wire is lighter than 
the others, it is best to let it project a bit 
farther than the heavier ones (see Fig. 

8-17). Place one of the connectors over 
the wires, and screw it on. The connector 
cuts its own thread as it is screwed on and 
makes an entirely secure joint. Strip the wires just the right 
distance so that there will be no bare exposed conductors out- 
side the connector after it has been screwed on as far as it will 



Ideal Commutator 
Dreaaer Co, 

Fig. 8-18. — This 
shows the use of sol- 
derless fionnectors. 
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go. The connector has a bell-shaped opening which makes it 
possible to let the insulation extend a bit down into the body 
of the connector. No tape is required over the connectors 
Figure 8-18 shows a number of them in use. Such connectors 
are made in a variety of sizes; use a size suitable for the size 
and number of wires to be joined. 




Franhd Connector Co , Ine. 

Fig. 8-19. — Typical heavy-duty solderless connector. 


Frankd Connector Co , Inc^ 

I lo 8-20 -Crosss-section of the connector shown in Fig 8-19 

Solderless Connectors, Heavy-duty. — The use of solderless 
connectors is not confined to small sizes of wire. A different 
type of connector is available for all sizes up to the largest of 
circular-mil cables One connector of this type is shown in 
Fig 8-19, and Fig 8-20 shows a cross-sectional view. It con- 
sists essentially of a slotted body, the end of which is tapered 
on the outside and hollow to take a wire Over the body goes a 
nut, the inner surface of which is tapered The conductor is 
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inserted into the body, and as the nut is driven home, the bevel 
of the nut engages the bevel of the slotted body, pressing it 
inward against the conductor. Tremendous pressure is 





A B C 

Frankd Connector Co., Inc. 

Fio. 8-21. — Solderless connectors take many forms, depending on the pur- 
pose for which they are intended. 



Burndy Engineering Co., Inol 
Fiq. 8-22, — A connector of this type permits one 
wire to be tapped to another co7itinuom wire. 



Burndy Engineering Co., 
Inc, 

Fio. 8-23. — Where 
no strain is involved 
in the joint, simple 
connectors of the type 
shown here may be 
used. 


exerted this Avay and a good low-resistance joint quickly made. 
The inexperienced man can make as good a joint as the experi- 
enced man. 

Additional types are shown in Fig. 8-21, where A illustrates 
the type used in joining two lengths of wire, B the type used in 
making a tap, and C the type used on switchboards and similar 
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devices. Many other types are available. Such joints must 
all be taped unless molded insulating covers which are available 
are used to make the taping operation unnecessary. 

A still different style of connector which is popular, -especially 
in farm wiring, is shown in Fig. 8-22. The body has a U cross- 
section, and the nut slips over the threaded legs of the U, 
making it extremely handy for tapping one mre to another 
continuous wire. 

When there is no strain on the finished joint, and fairly 
heavy sizes of wire are involved, the simple type of connector 
shown in Fig. 8-23 is commonly used. Being made of metal, 
the entire joint, including the connector, must be taped after 
completion. 
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avoid accidental ground, and the same careful splices for the 
neutral wire as for the “hot” wires. 

Polarizing. — The process of maintaining a grounded wire 
throughout a wiring system, always identified by its white 
color, is known as “polarizing.” The “hot” wires may be any 
color other than white. In conduit wiring, usually aU other 
wires are black, but at times, in order to aid in identifying con- 
ductors when a great many of them are in a single conduit, 
different colors are used. In cables of all types, each wire in 
the cable is of a different color. 


2- wire circuit White, black 

3- wire circuit White, black, red 

4- wire circuit White, black, red, blue 

5- wire circuit White, black, red, blue, yellow 


Polarized Terminals. — Devices to which a neutral wire is 
to be connected have that terminal of a whitish color, usually 
tin, nickel, cadmium, or zinc plated. Other terminals are 
usually natural brass color. 

Methods of Grounding. — The exact method used in making 
the ground will be covered in detail in Chap. 17. 
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OUTLET AND SWITCH BOXES 

In the early days of electrical wiring, it was the general 
practice to run wires on the surface of walls or inside them, 
without further protection, up to the devices to be connected. 
Fixtures were mounted directly on the ceiling, switches on the 
plaster walls, mthout any further ado. All this has been 
changed, and today, with few exceptions, outlet boxes are used 

at every point where connections 
are made to electrical devices. 

Purpose of Boxes, — Outlet 
boxes house the splices in wires at 
all points where the original insu- 
lation has been removed. Tliere 
is little hazard in a continuous 
piece of Avire, but a poorly made 
joint may lead to short circuits, 
grounds, or overheating at that 
point. Inside walls there are natu- 
rally loose dust, cobwebs, and other 
easily ignitible materials. There- 
fore there is some hazard of fire at joints; but when the joint is 
enclosed in a metal outlet box, this hazard is practically 
eliminated. Moreover, outlet boxes provide a continuity of 
ground, as explained in the previous chapter. The Code 
requires that boxes be supported in walls and ceilings according 
to definite standards which provide mechanical strength for 
supporting fixtures, switches, and other devices, eliminating 
the hazard of mechanical breakdown. 

Common Types of Outlet Boxes. — Figure 10-1 shows a 4-in. 
octagon box, one of the most common boxes in use. Around 
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National Elec. Producte Corp, 
Fiq. 10-1. — Typical octagon 
outlet box. 
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the sides and in the bottom are found knockouts’’ — sections 
of metal that can be easily knocked out to form openings for 
wire to enter. The metal is completely severed around these 
sections at one small point which serves to anchor the 
metal until it is to be removed. It is a simple matter to 
remove these knockouts — usually a still blow with the hand 
on the end of a heavy screw driver held against the knockout 



AlUSteeH Bqutp Co. 

1 la 10-2 — On some boxess prj-outs aie provided in place of the usual knock- 
outs They aie easily removed. 


will start it, and with a pair of pliers the metal disk is then 
easily removed If the knockout is near the edge of a box, 
a pair of pliers is the only tool needed. 

On many boxes the pry-out type of knockout is furnished 
The pry-out is simply a small slot near or in the knockout, 
into which it is necessary only to insert a screw driver to pry 
out the metal disk, which prepares the knockout for use 
Figuie 10-2 should make this clear. 

The outlet boxes are usually provided with ears and screws 
to facilitate mounting of covers, switches, or other devices used 
on the boxes. 

There is also in common use a box similar to the one shown 
in Fig 10-1 but only 31^ in. in size. The two are more or less 
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interchangeable, but the larger size is by far the more common 
because, since it is roomier, it is easier to do a good job, espe- 
cially if a number of wires enter the box. 

Another common box is the 4-in. square box shown in Fig. 
10-3, more or less interchangeable with the octagon but 
decidedly roomier and handier to use. Especially when using 



National Elec. Products Corp, 

Fig. 10-3. — Square outlet 
box. This box is 4 in. square 
and much roomier than an 
octagon box. 






National Elec. Products Corp» 
Fig. 10-4. — A typical 
switch box. The sides of 
such boxes are always 
removable. Switch boxes 
come in a variety of 
depths, from Ij^ to 3 in. 


conduit rather than cable, this box is used almost exclusively, 
for reasons that will be explained later. There is another box 
identical in appearance but larger, in. square, used 

mostly for commercial work as distinguished from residential. 

Depth of Outlet Boxes. — The Code, in Sec. 3706, requires 
that boxes of all descriptions be at least 13 ^^ in. deep, except 
when the use of a box of this depth ‘Svill result in injury to 
the building structure or is impracticable,'^ in which case a 
box not less than in. deep may be used. 

Switch Boxes. — For mounting switches, receptacles, and 
similar devices flush in the wall, switch boxes of the type 
shown in Fig. 10-4 are used. The sides are removable; this 
makes it easily possible to make a double-size, or ‘^2-gang," 
box out of two single ones by simply throwing away one side 
on each box and joining together the two boxes. No extra 
parts are needed. This is shown in Fig. 10-5. In similar 
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fashion it is possible to make boxes of any required size, to 
mount three or more devices side by side. 



Fig. 10-5. — Two single boxes may be ganged to form one larger box of 
double size. Any number of boxes may be so ganged to form a box of any 
necessary size. 


Depth of Switch Boxes. — Switch boxes range in depth from 
in. to a maximum of 3 in. The 23^-in. depth is the most 
popular, for it provides generous room for connectors, wire, 
etc., between the switch or other device and the bottom of the 
box. Use the 13^-in. depth only when two boxes in two differ- 
ent rooms happen to come back to back in the wall, separating 
the two rooms; usually the wall is not thick enough to permit 
two deeper boxes to be used. 

Material and Finish of Boxes. — The usual material of boxes 
is steel, mth a choice of black enamel or galvanized finish. 
Local ordinances frequently specify that only the galvanized 
finish is to be used. For certain purposes outlet boxes of 
insulating material such as porcelain or bakelite are used; 
these will be discussed in Chap. 22 on farm wiring. 

Number of Wires Entering Box. — The Code in Sec. 3709 
limits the number of wires that may enter each size box, as 
shown in the table below. In counting wires, one that enters 
a box and is spliced to one running from a fixture mounted 
on the box is counted as one wire — in other words, the wire 
running from the fixture is disregarded. If a wire runs into a 
box and out again without splice or joint, as is often the case in 
conduit wiring, count it as only one wire. 
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Box 

Maximum number of wires 

Size, inches 

Type 

No. 14 

No. 12 

No. 10 

No. 8 

IH X3H 

Round or octagonal 

5 

5 

4 


IH X4 

Round or octagonal 

8 

7 

6 

5 

IH X 4 

Square 

11 

9 

7 

5 

IH X41K6 

Square 

16 

12 

10 

8 

2H X41K6 

Square 

20 

16 

12 

10 

IH X2H X 2 

Rectangular 

5 

4 

4 


IH X 2H X 2H 

Rectangular 

6 

6 

5 


IH X 231 X 3 

Rectangular 

7 

7 

6 


H* X zil 

Round, shallow 

4 

4 

3 


X 4 

Round, shallow 

6 

6 

4 


X 4iM« 

Square, shallow 

8 

6 

6 



* Or any other depth less than in. 

Note: If the box contains a fixture stud and/oi c:ii)le clamp, deduct 1 from the num- 
ber of wires sliown above. If it contains a switch, leccptacle, or similar device, deduct 
1 fiom the number shown, for each device or combination of devices mounted on a single 
strap. 


Attaching Conduit and Cable to Boxes. — To provide a 
good, safe continuous ground throughout an installation, it is 
absolutely necessary to fasten the boxes rigidly and solidly to 
each piece of conduit, cable, etc., entering the box. 

In the case of conduit this is very simply done by means 
of a locknut and bushing, both of which are shown in Fig. 10-6. 

Note that the locknut is not a flat 
piece of metal but that it is dished or 
bent, so that the lugs around the 
circumference become teeth on one 
side. The inside diameter of the 
bushing is slightly less than the inside 
diameter of the conduit. This causes 
the wire where it emerges from the 
conduit to rest on the rounded surface 
of the bushing. Slip a locknut on the 
threaded end of the conduit with the 
teeth facing the box. Slip the con- 
duit into the knockout. Then install 
the bushing on the conduit inside the box, screwing it on as far 
as it will go. Only then tighten up the locknut on the out- 
side, driving it home solidly so that the teeth will bite into 
the metal of the box, thus making a good sound ground. 
This construction is shown in Fig. 10-7. Detailed instructions 



National Elec. Pi oducta Corp. 

Fig. 10-6. — ^Locknuts 
and bushings are used at 
the ends of each run of con- 
duit. They anchor the 
conduit to the box and 
also provide a continu- 
ous grounded raceway. 
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for cutting and using the conduit will be found in the next 
chapter. 


lOCKNUT 
BITING INTO 
BOX 


CONDUIT' 


LOCKNUT 
WALL OF BOX 


NOTC 

noUNOEO 

5URFAC& 



\ 

BU5M1NG 


Fig. 10-7. — Cross-aeetion showing 
how locknut and bushing aie used 
at outlet boxes or othei boxes 


National Elec, 
Prod-ucte Corp, 

Fig. 10-8.— 
Cables are at- 
tached to boxes 
with connoctoi s 
of this type. 


In the case of cable, connectors of the type shown in Fig. 10-8 
are used. After the connector is fastened to the cable, slip the 



Nattonal Elec, Produete Cerp, 

f ig. 10-9. —Often boxes are provided with clamps which serve the same 
purpose as separate connectors. 

connector into a knockout, install the locknut on the inside of 
the box, and run the locknut home tightly, as in the case of 
conduit. 
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Clamps* — The use of boxes having built-in clamps which 
eliminate the need for special connectors for cable is common. 
A typical box of this type is shown in Fig. 10-9, and the picture 
should be self-explanatory. 

Round Boxes. — Instead of being octagonal or square, boxes 
may be round, in which case locknuts and bushings may not 
be used on the rounded wall of the boxes but only in the 
bottom. Round boxes usually have clamps for cable. 


A 


B 

National Elec. Products Corp. 

Fig. 10-10. — Outlet boxes are usually supported in buildings with the aid of 
offset hangers of this typo. 



AlUSted Equip Co. 

Fig. 10-11. — Factory-assembled combinations of box and hanger are con- 
venient. 

Supporting Outlet Boxes. — The usual method of supporting 
an outlet box in a new building of frame construction is by 
means of a hanger. In the type shown at A of Fig. 10-10 the 
hanger is fastened to the box by means of stove bolts, whereas 
in the type shown at B, the middle knockout in the bottom of 
the box is removed, the box slipped over the “fixture stud,^^ 
which is part of the hanger, and the locknut driven home on 
the fixture stud inside the box. The fixture stud later may 
be used also to support a fixture mounted on the box. There 
are also available factory-assembled combinations of the type 
shown in Fig. 10-11. 

In any case the assembly is mounted between joists, as 
shown in Fig. 10-12. The hanger described is of the “ shallow 
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type, and its depth is such that with boxes 13 ^ in. deep the 
front of the box will be flush with the plaster. The plaster 
must come right up to the box; there may be no open space 
around the box. 

This shallow-type hanger is used with all wiring systems 
with the exception of conduit. When conduit is to be used, 
'‘deep*’ hangers are used instead of “shallow.” The only 


rJo!sf‘ 


■Hanger ,, , 

{sfud Nai!-.^ 

l///‘ 1 V 

If 'SJi ^ J tvurmr 

Box^ 


Fig. 10-12. — The mounting of boxes with hangers is very simple. 



D E F 

Notional Elee. Products Carp, 

Fig. 10-13. — Typical raised covers for 4-in. square boxes. 


difference is that the offset is about in. deeper, which brings 
the front edge of the outlet box about 3^ in. below the surface 
of the plaster but leaves sufficient room behind the plaster for 
the conduit, the locknut, etc. ‘Since the Code, in Sec. 3715, 
requires that the front edge of the box must be not more than 
3 4 in. below the finished surface of the wall or ceiling (if the 
surface is combustible it must be flush), some expedient must 
be adopted to overcome the fact that the front edge is over 
}/i in. below the surface. Accordingly, it is customary to use 
covers, the front edges of which are flush with plaster. Figure 
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10-13 shows an assortment of covers fitting the 4-in. square box 
which is usually used with conduit. Each cover serves a 
specific purpose, that at A accommodating one switch or 
receptacle, that at B two such devices. At C is shown a 
plaster ring” which has an opening of the same size as a 
3K-in. box. When this is mounted on top of the 4-in. square 
box, it permits devices designed for the 33^^-in. box to be used. 
At D, Ej and F are shown covers that are used only when the 
boxes are mounted on the surface, as in basements, fac- 



Fig. 10-14 — All paits of an electncal outlet are standaidized in size so as to fit 
propel ly and easily. 


Woodsfnp , 



Loffh 


Phsfer 


^Scre^ys 
holding box 

tiG 10-15. —Mounting an outlet box on wooden stiip, instead of using the 
usual steel hangers. 


tory walls, etc. They accommodate, respectively, one toggle 
switch, one receptacle, and a switch and receptacle. Many 
other types are available. Of all these covers the types at 
A, B, and C are the most common. Figure 10-14 shows a 
completed installation. 

Instead of requiring hangers to support boxes, the Code 
generally permits any other type of support which is sturdy 
and which becomes part of the building structure. Wooden 
strips may be used, provided they are at least % in. thick. 
This method is shown in Fig. 10-15 but is little used. 

If the box is attached to a run of conduit which in turn is 
securely anchored, no further support is required for the box. 
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Good judgment must be used, especially if the box is later 
to support a fixture. Remember that the local inspector is 
the final judge as to whether the spirit and intent of the Code 
are met by any given type of installation. 

In old work (buildings wired after completion) as compared 
with new work (buildings wired while under construction), 





All-Sted Eg^ip Co, 

I iG. 10-16. — Switch boxes with mounting brackets may be mounted directly 
on the studding of a building. 


different methods of support are used, and these will be dis- 
cussed in the chapter on old work. 

Supporting Switch Boxes. — Instead of switch boxes, 4-in. 
square boxes with cover are frequently used, as previously 
described. Usually, however, switch boxes are used, and since 
they are available in depths up to 3 in., there is no problem in 
connection with the use of conduit as there is with IJ^-in. 
deep outlet boxes. 
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Perhaps the most common switch box for new work is the 
bracket type of box of which several are shown in Fig. 10-16. 
The bracket is merely nailed to the studding of the building, 






Fig. 10-17. — Switch boxes may be mounted between studding by means of 
special steel mounting strips. 

as shown also in Fig. 10-16. Note the trough on the boxes, 
which holds up the ends of the lath that end at the box and 
that would otherwise be left unsupported. The brackets 

themselves have a number of 
projections that form a good 
support and anchor for the 
plaster when it is applied. 

Also available and generally 
used are mounting strips which 
permit any number of switch 
boxes to be mounted at any 
point between two studs. 
These are shown in Fig. 10-17, 
and the picture will be self- 
explanatory. 

Switch boxes may be mount- 
ed on wooden strips like outlet 
boxes, and a finished installation is shown in Fig. 10-18. The 
strips must be at least % in. thick and so mounted that the 
front edge of the boxes will be flush with the plaster. 

Outlet Box Covers. — An outlet box may never be left 
uhcovered. When a fixture is mounted on top of the box, no 



Fig. 10-18. — Using wooden strips to 
support switch boxes. 
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further cover is necessary. An outlet box cover must be used 
in every other case. Figure 10-19 shows an assortment for the 
conventional or 4-in. boxes; there are corresponding ones 
for other styles of boxes. At A is shown a blank cover used 
to cover the box when it serves merely to house joints in wire. 
The box then is known as a ‘^pulF^ box or junction’’ box. 
Such boxes may be located only where accessible without 
damaging the structure of the building. At B is shown a drop 
cord cover used with drop cords; the hole is bushed to do 
away with sharp edges which might otherwise injure the insu- 
lation of the cord. At C is shown a ‘‘spider cover” on which 



Fig. 10-19.- -Outlet box covers are made in dozens of diffeient types; the six 
shown heie are typical. 

surface style switches are mounted. At D is shown a cover 
with a duplex receptacle, used mostly in basements, work- 
shops, and similar locations. E shows an outlet cover and F 
a similar cover provided with pull-chain control. These 
covers are widely used in closets, attics, basements, farm 
buildings, and similar locations. 

The covers illustrated are the ones most commonly used; 
most jobs can be completed using only the ones shown. 
There are, however, dozens of other types, each serving a 
specialized purpose. For example, there are blank covers 
similar to that shown in A of Fig. 10-19, but with a knockout 
in the center, permitting an armored cable connector to be 
used when running the flexible cable to a stationary device 
like a motor. There are covers with openings to accommodate 
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sign receptacles of the type that were shown in Fig. 4-40. For 
square boxes there are covers with many other combinations 
of openings in addition to the ones shown in Fig. 10-13. 

Surface Boxes. — One style of box is used entirely for surface 
work, as in basements, workrooms, or any other location where 
flush mounting in a hollow wall space is not wanted. This 
surface type of box is shown in Fig. 10-20 together with covers 
for various purposes — blank, toggle switch, and duplex 
receptacle. 

Boxes on Brick Walls. — When a house is of brick construc- 
tion a considerable amount of labor is involved in the mounting 

n 

All-Steel Equips. Co, 

Fig. 10-20. — The box shown here is used for surface mountinK. 

of the boxes, for the boxes must come flush with the plaster 
when it is applied. A space must be chiseled into the brick 
to receive the box. Usually 4-in. square boxes are used, 
together with covers of the type that were shown in Fig. 10-13. 
These are available in various depths so that, if the ordinary 
i^-in. type does not bring the cover flush with the plaster, one 
of a greater depth, say % in., will be found suitable. 

The box cannot be secured to the brick directly with screws; 
consequently it is necessary to use one of the many types of 
plugs or anchors available for the purpose. In any case it 
will be necessary to drill holes into the brick or masonry, usihg 
for the purpose a star drill of the general type shown in Fig. 
10-21. This drill is used by simply pounding on its head with 
a hammer, rotating the drill a bit after each blow. 

A very common mounting method is that using the well- 
known lead plugs or anchors which are merely inserted into 
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Paine Co. 



Fig. 10-21. — With a star drill it is not 
difficult to drill holes in brick or similar 
material. 


Fig. 10-22. — The lead expansion anchor shown at left is 
dropped into the hole as shown below, and forms a secure 
mounting for whatever is supported by it. 




Fig. 10-23. — Toggle bolts ar6 used in mount- 
ing devices over hollow walls or other hollow 
spaces. 


Paine Co. 
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the hole in the masonry, ordinary wood screws then being used. 
The Code prohibits wooden plugs. 

The use of lead expansion anchors of the type shown in 
Fig. 10-22 provides a mounting which is considerably more 
secure than that using ordinary lead plugs. Their use is 
clearly shown in steps in the same picture. 

If the mounting must be over hollow areas, use toggle bolts. 
Typical bolts are shown in Fig. 10-23, and this picture also 
shows their use. Merely slip the collapsible wings through 
the opening in the wall or other surface; a spring opens the 
wings, which then provide anchorage for the bolt. 



CHAPTER 11 


DIFFERENT WIRING METHODS 

Although the same basic materials are used in all of them, 
there are six different common methods or systems used in 
ordinary residential wiring. These systems are 

1. Rigid conduit. 

2. Thin-wall conduit. 

3. Nonmetallic sheathed cable. 

4. Armored cable. 

5. Flexible conduit. 

6. Knob and tube. 


Detailed information applying to each system will be given 
in a later chapter, and only the basic principles will be found 
here. 



Clayton Mark 6s Co, 

Fig. 11-1. — Rigid conduit looks like water pipe but differs in many ways. 

Rigid Conduit, — In this type of wiring, all wires are enclosed 
in steel pipe known as ‘‘conduit.^' Conduit differs from 
ordinary water pipe in that it is especially annealed to permit 
easy bending; the inside surface is carefully prepared so that 
the wires can be pulled into it with a minimum of effort and 
without damage to the insulation or outer braid; it has a corro- 
sion-resisting finish so that the installation may be permanent. 

It comes in 10-ft. lengths in a choice of black-enamel or 
galvanized finish. The galvanized is usually considered the 
better of the two, and the black-enameled type ftiay be used 

149 
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only indoors. Rigid conduit with a galvanized finish is shown 
in Fig. 11-1; each length bears an Underwriters^ label. 

The 3^^-in. size is the smallest used in ordinary wiring. All 
sizes are identical in dimensions with the corresponding sizes 
of water pipe, and therefore, as in the case of water pipe, the 
nominal size in no way denotes the actual physical dimensions, 
as the following table shows: 


Trade size, 
inches 

Internal diam- 
eter, inches 

Internal area, 
square inches 

External diam- 
eter, inches 


0.622 

0.30 

0 840 

H 

0.824 

0.53 

1.050 

1 

1.049 

0.86 

1.315 

m 

1.380 

1.50 

1.660 

IK 

1.610 

2.04 

1.900 

2 

2.067 

3.36 

2.375 

2K 

2.469 

4.79 

2.875 

3 

3.068 

7.38 

3.500 

3K 

3.548 

9.90 

4.000 

4 

4.026 

12.72 

4.500 


Since the dimensions are identical, the tools used for cutting 
water pipe may also be used for cutting conduit. However, 
the threads on conduit are not the same as the threads on water 
pipe. On water pipe, the threads are tapered, being slightly 
smaller in diameter at the end of the pipe than they are an 
inch from the end. On the conduit the threads are straight, 
not tapered, being the same diameter no matter how far they 
are cut. Therefore the dies used to thread water pipe must not 
be used for threading conduit; use special dies designed for 
conduit, cutting nontapercd threads. 

Cutting Conduit. — Conduit is cut with an ordinary pipe 
cutter, as used for water pipe, of the type shown in Fig. 11-2. 
This unfortunately leaves a sharp edge at the cut, as shown in 
Fig. 11-3. This sharp edge might seriously damage the insu- 
lation of the wire as it is pulled into the conduit; therefore, 
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common sense suggests, and the Code requires, that each cut 
be reamed smooth. A reamer of the type shown in Fig. 11-4 
serves the purpose. 

Bending Conduit. — Because the wires are pulled into con- 
duit after it is installed, it is important that all bending be 
carefully done so that the internal diameter is not substan- 
tially decreased in the process. Make the bends as gradual 



Aidae Tool Co. 

Fig. 11-2. -A typical pipe cuttei. 



Fig. 11-3. — When pipe is cut 
with a pipe cutter, a sharp edge is 
left which must be removed before 
the conduit is used. 



M. B. Austin Co, 


Fig. 11-4. — A reamer 
of this typo is used to 
remove sharp burrs from 
the cut end of pipe. 


as possible, and remember the Code requirement (Sec. 3470) 
that the radius of the bend must be at lea#t 6 times the internal 
diameter of the conduit. Stated another way, if the conduit 
were bent into a complete circle, the diameter of the circle 
must be at least 12 times the internal diameter of the conduit. 
If lead-sheathed cable is to be pulled into the conduit, then 
the diameter of the circle must be at least 20 times the internal 
diameter of the conduit. 

A popular type of bending tool is shown in Fig. 11-5. The 
smaller sizes of conduit bend easily, but it is fairly difficult to 
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bend the heavier sizes. Factory-bent elbows of the type 
shown in Fig. 11-6 are available in all sizes and are used 
generally on the larger sizes. 




Henderson Elec, Co. 

Fig. 1 1-5. — A typical conduit bendci . 


Conduit is fastened to boxes by means of locknuts and 
bushings as already outlined in connection with outlet boxes 
in Chap. 10. 

Number of Wires in Conduit. — Except for special cases more 
than nine wires are never pulled into one conduit. The 
number permitted depends on the size of 
the conduit and the size of the wires; the 
information is found in the C^ode in Chap. 
10, Table 4. Table 5 of the Code applies 
to lead-sheathed cables. For combina- 
iions not covered by Tables 4 and 5, use 
Tables 9 to 11. All these tables are given 
in the Appendix of this book. 

Number of Bends. — The Code, in Sec. 
3471, prohibits more than 4 quarter bends 
or their equivalent in one “run'’ of 
conduit, or the distance between outlet boxes or other open- 
ings. The fewer the bends, the easier it will be to pull the 
wires into the conduit. 



Clayton Mark <& Co, 


Fig n-6.~Foi 
large sizes, faclory- 
bent elbows are com- 
monly used. 
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Splices in Wires. — Wires must be continuous, without splice, 
throughout all conduit. Splices are permitted only at outlet 
boxes (Sec. 3005). 

Pulling Wires into Conduit. — If the run is short and the 
wires occupy a relatively small portion of the area of the con- 
duit, they can frequently be pushed in at one outlet and 
through the conduit up to the next outlet. If the run is of 
considerable length, especially if it contains bends, then ‘‘fish 
tape^^ is used. A length of ordinary galvanized steel wire will 




Ideal Commutator Dresser Co. 

Tjo. 11-7. — Fish tape is necessary to pull wires into conduit. The mateiial is 
made of springy steel. 

serve the purpose, but a special fish tape made of a stiff but 
flexible steel is more frequently used. Often it is put up in 
special reels (see Fig. 11-7). In size it is usually about % by 
0.060 in. Bend a small loop or hook on the end of the tape 
as the picture shows; this will permit it to go easily around 
bends as it is pushed into conduit. Since this'tape is highly 
tempered, it will break if bent sharply, unless the temper is 
taken out; this can be done by heating it to a red heat with 
a blowtorch, then letting it cool. 

Push the tape into the conduit through which the wires are 
to be pulled; when the end emerges attach all the wires which 
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are to be pulled into the conduit, to the fish tape, taking care 
to leave no sharp ends which might catch at the joints in the 
conduit. Then pull the wires into position; this usually 
requires one man pulling at one end 
and another feeding the wires into the 
opening at the other end, to make 
sure there will be no snarls and in 
general to ease the wire on its way. 
Powdered soapstone may be used as 
a lubricant to make it easier to pull 
the wires. The Code, in Sec. 3006, 
requires a minimum of at least 6 in. 
of wire projecting at each outlet box 
where a connection is to be made; it 
is easy to cut off a few inches later if there is too much, but 
hard to do good work if the ends are too short to be convenient. 

Supporting Conduit. — The Code is not specific on this point; 
therefore it is necessary merely to use good common sense. 
Pipe straps of the type shown in Fig. 11-8 are employed for the 
purpose. Smaller sizes of conduit should be supported every 
5 ft. and the larger sizes at least every 10 ft. 


Clayton Mark & Co, 

Fig. 11-9. — Thin-wall conduit is never threaded. It is lighter and easier to 
use than rigid conduit. 





Fig. 11-8. — Either cast 
or stamped straps may 
bo used for supporting 
conduit. 


Electrical Metallic Tubing.^ — The material which the Code 
has labeled with this rather unwieldy name is commonly 
known by its abbreviation or by its descriptive 

common name of 'Hhin-wall conduit.'^ It is shown in Fig. 
11-9 and, as in rigid conduit, each length bears the Under- 
writers^ label. It is available only in sizes up to and including 
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2 in. For residential purposes it may be used interchangeably 
with rigid conduit. 

The internal diameter, size for size, is the same as rigid 
conduit, but as the name implies, the walls are thinner. For 



Appleton Elec, Co, 

Fig. 11-10. — Connectors and couplings used in connection with thin-wall 

conduit. 


Brxegd Method Tool Co, 

Fig. 1 1-1 1 . — With this style of fittings, the fitting and the conduit are indented 
with the special tool shown. 



BrUgd Method Toed Co, 

Fig. 11-12. — A handy tool for cutting thin-wall conduit. 

this reason the material is never threaded, but all joints and 
connections are made with special threadless fittings which 
hold the material through pressure. Figure 11-10 shows both 
a coupling and a connector; each consists of a body plus a 
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split ring through which tremendous pressure is exerted on the 
conduit when the nut is forced home tightly. Another type 
of fitting is the ‘Helcscope^’ type, which requires a special tool 
to apply, the tool denting both fitting and tubing for good 
mechanical and electrical joints. The fittings' 
and the tool are both shown in Fig. 11-11. 

Thin-wall conduit may be cut either with a 
hack saw or with a special tool, one type of 
which is shown in Fig. 11-12. After the cut, 
the end must be reamed to remove burrs or 
sharp edges. Bends are made in the same way 
and under the same conditions as for rigid 
conduit. 

Occasionally it will be necessary to join a 
length of thin-wall conduit to a length of rigid 
conduit, or to a fitting designed for rigid conduit. 
The simplest way is to use a connector of 
the type shown in Fig. 11-10 for the threaded portion of 
the connector, for the thin-wall conduit will always fit any 
fitting designed for the corresponding size of rigid conduit. 
An adapter showm in Fig. 11-13 may also be used. 

Nonmetallic Sheathed Cable. — Nonmetallic sheathed cable 
consists of two or more rubber-covered wires, each w ith a spiral 

7 • .. 

/ // 


' National Elec, EroAucie Carp, 

Fia. 11-14. — Nonmetallic sheathed cable is especially popular for wiring farm 
buildings and is also used for many other purposes. 

wrapping of paper for spacing, and, to give the assembly more 
protection against damage by mechanical abuse, the entire 
assembly is enclosed in a fabric cover which is treated with 
moisture-resistant and flame-retardant compounds. The 
empty spaces which would otherwise result are filled with a 
twisted jute or paper filler. All of these are shown in Fig. 1 1-14. 





Af. B. Attetin 
Co, 


Fig. 11-13. 
This .adapt- 
er makes it 
possible to 
use thin-wall 
conduit in 
fittings de- 
signed for 
rigid conduit. 
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Removing the Outer Cover. — In use, the outer covering 
must be removed at the ends. This can be done by slitting 
the braid with a knife: usually the slit is merely started; then, 
by pulling on the jute or paper filler 
mentioned before, it is possible to rip 
open the covering as far as desired. The 
unused braid is then removed with a . 
jackknife. Extreme care is necessary so commutator Dresser co. 

that the insulation of the mres is not cable "^'stripper” saves 
injured. The use of a cable ripper, as 
shown in Fig. 11-15, is recommended, for it saves time and 
avoids damage to the insulation. 

The cable is fastened to outlet boxes by the use of con- 
nectors, several types of which are shown in Fig. 11-16. The 
connector is first solidly fastened to the cable, the connector 
slipped into the knockout in the box, and the locknut of the 
connector then driven solidly home on the inside of the box. 
As mentioned in Chap. 10, many types of box have built-in 
clamps which serve the purpose of connectors. 


.']»**' _ii 
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National Elec. Products Corp. 

Fig 11-10. — All absortment of connectors used in attaching cable to outlet, 
switch boxes, and similar devices. 


Where Used. — Nonmetallic sheathed cable is permitted 
only in permanently dry locations; consequently it may not 
be used out-of-doors. Tts use is recommended (Code, Art. 
300) in locations where a really good permanent ground is not 
found; since this condition pertains in almost 100 per cent of all 
cases on farms, nonmetallic sheathed cable is used to the 
practical exclusion of all other methods for farm work. The 
facts that it is very easy to handle, is light, and is relatively 
inexpensive, all are partly responsible for the growing popu- 
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larity of this type of cable. In case of doubt, consult the local 
ordinances or inspector as to whether its use is permissible. 

Joints. — Joints and splices are never permitted in non- 
metallic sheathed cable, except at outlet boxes, where they 

are made as in any other type of 
y wiring. 

^ Mechanical Installation. — If in- 

V stalled while a building is under 

Fig. 11-17.—A typical strap construction, nonmetallic sheathed 

for supporting nonmetallic i n 

cable. cable IS installed inside the walls; 

the Code recjuires that it be an- 
chored at least every ft., and in any case within 12 in. of 
every outlet box. Straps of the types shown in Fig. 11-17 are 
used for the purpose. In old work where the cable is fished 
through the walls, this requirement is waived. All bends in 


E 



Fior. 11 - 18 . — This shows five different ways in which cable may be run on an 
open ceiling. Vaiious methods of protecting the cable are used, depending 
on the method of installation. 


cable must be gradual so as not to injure the cable; the Code 
requirement of Sec. 3368 is that, if a bend were continued so 
as to form a complete circle, the diameter of the circle would 
be at least 10 times the diameter of the cable. 
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Where the cable is run exposed, as in basements, attics, 
barns, etc., it must be given reasonable protection against 
mechanical injury. This protection can be provided in a 
variety of ways (see Fig. 11-18). If the cable is run along the 
side of a joist, rafter, or stud as at .4, or along the bottom 
edge of a timber as at no further protection is required. 
If it is run at an angle to the timbers, the cable may be run 
through bored holes as at C. No additional protection is 
required; neither are porcelain tubes, loom, or any similar 
materials needed where the cable goes through the bored holes. 



Fig. 11-19. — When cable niiib crosswise of floor studs in attics, guard strips 

must be used. 

The holes should be bored in the approximate center of the 
timbers. If the cable is not run through bored holes, but 
instead attached to the bottoms of the joists, then it must be 
run on substantial running boards, as shown at D; this require- 
ment is waived if the cable is size 6-2, 8-3, or heavier. A final 
method is to let the cable follow the ‘structure of the building 
as shown at £, when again no further protection is required. 
This method, however, is very wasteful of material, leads to 
unnecessarily long lengths of cable with consequently large 
voltage drops, and is therefore to be discouraged. Whichever 
method is used, the cable must be supported at least every 
4)^^ ft. and also within 12 in. of every outlet box. 

In accessible attics, if the cable is run at angles across the 
top of floor joists, the cable must be protected by guard strips 
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at least as high as the cable, as shown in Fig. 11-19. If run at 
right angles to studs or rafters, it must be protected in the 
same way at all points where it is within 7 ft. of the floor joists. 
No protection is required under other conditions. If the attic 
is not accessible by means of permanent stairs or ladder, this 
protection is required only for a distance of 6 ft. around the 
opening to the attic. 

In any event, the cable must always follow the approximate 
contour of the building — never any short cuts across opgi 
space. 

Cable with Ground Wire. — Nonmetallic cable is also avail- 
able with one bare uninsulated wire in the assembly in addition 
to the usual insulated wires. This cable is required in some 
localities, the extra wire being used for grounding purposes. 
At each outlet box this bare wire is grounded to the box 
proper, so that all the boxes are tied together into a contin- 
uously grounded system. 

Armored Cable. — Today^s armored cable, as pictured in Fig. 
11-20, is known as the ^^ABC type^^ — armored bushed cable. 



National Elec. Products Corp. 

11-20. — Armored cable. A continuous steel armor wrapped aiound 
llic wiies piotects them against injuiy and at the same time provides a con- 
tinuous ground. 

It consists of two or more wires of the rubber-covered type, 
wrapped with a spiral layer of kraft paper, and has an outer 
steel armor. 

Cutting Cable. — A hack saw is usually used to cut armored 
cable. Do not hold it at a right angle to the cable, but rather 
at a right angle to the, strip of armor as it runs around the 
cable, as shown in Fig. 11-21. After the cut is made, grasp 
the two ends of armor, give a twist as shown in Fig, 11-22, and 
the two ends will separate; it is then a simple matter to cut 
through the wires. 
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To use the cut end, it is necessary to remove about 6 in. of 
the armor. Proceed as before, holding the hack saw in the 
same position, being extremely careful to saw through only 
the armor, not touching the insulation. The paper inside the 
armor provides some little spacing, making this possible. 
Nevertheless, considerable practice is necessary to get the 



Fig. 11-21. — In sawing armored cable, hold the hack saw as shown 



Fig. 11-22. — Aftei sawing, give the cut ends of the aimor a twist to separate 

them. 

knack of sawing through the armor without damaging the 
insulation. When the armor is severed, a twist will remove 
the short end. 

Bushings. — Careful examination of the cut end of the armor 
will show that the hack saw has left sharp teeth on the armor, 
some of them quite long. These teeth point inward toward 
the wires and might damage the insulation, causing a short or 
ground. Therefore a bushing of thin but tough fiber which 
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has a high insulating value is inserted between the armor and 
the wires. Such a bushing is shown in Fig. 
11-23. Since there is little room between 
the paper and the armor, space is provided 
by removing the paper. The steps shown in 
Figs. 11-24 and 11-25 demonstrate how to 
unwrap the paper beneath the armor, and 
then with a sudden pull to tear it off some 
distance inside the armor, thus leaving room 
for the bushing, which is inserted as shown in 
Fig. 11-26. Figure 11-27 shows the final 
assembly. 

Connectors. — The connectors used with 
armored cable are practically identical with 
those shown in Fig. 11-16 for nonmetallic 
that the end of the connector which goes 
has openings or peepholes through which the 


National Elec. 
Products Corp. 

Fig. 11-23.— A 
bushing of tough 
fiber is inserted 
between the 
armor and the 
wires to guard 
against danger of 
grounds through 
sharp points at 
cut end of armor. 

cable, except 
into the box 



Fig. 11-24. — Unwrap the paper found over the wires up to a point some 
distance within the armor. 



Fig. 1 1-25. — Yank the paper wrapper, removing it for some distance under the 
armor. This makes room for the fiber bushing. 
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antishort bushing can be seen by the inspector. Because of 
these peepholes, the connectors are known as the “visible 
type.^’ The bushing is first properly inserted under the 
armor, the connector is then slipped over the cable and solidly 



National Elec. Products Corp. 
Fig. 1 1-26. — Inserting fiber bushing. 



National Elec. Products Corp. 

Fig. 11-27. — Cross-section of cable, sliowing paper removed beneath armor 
and fiber bushing in place. 



Fig. 11-28. — Attaching connector to cable. 

anchored on it. The locknut is then driven solidly home 
inside the outlet box, as with other styles of cable (see Figs. 
11-28 and 11-29). If this is carefully done, all the outlets are 
thereby tied together, giving the continuity of ground dis- 
cussed in Chap. 9. 
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Where Used. — ^Like the nonmetallic sheathed cable, armored 
cable may be used only in permanently dry locations (unless it 

is the leaded type with lead- 
sheathed cable inside armor). 
For residential purposes it 
is practically interchangeable 
with nonmetallic sheathed 
cable, except that it is not 
recommended for farms where 
a good permanent ground is 
not available. 

Supporting. — Armored ca- 
ble is supported and protected 
exactly as is nonmetallic 
sheathed cable. Staples of the type shown in Fig. 11-30 are 
perhaps a bit more convenient than the conventional straps. 
These staples are not used with nonmetallic sheathed cable 
because there is danger that they might be driven in so solidly 
that they would actually damage the cable. This danger 
does not exist with armored cable which has steel armor for 
protection. 



National Elec. Products Corp. 

1 iG. 11-29. — Di iving home locknut 
on connector and securing it to the 
box. 



lio. 11-30. — Staples of this type are used to anchor armored cable to wooden 

surfaces. 



National Elec, Products Corp, 

Fiq. 11-31, — Flexible conduit. The wires are pulled into place after the 
conduit is installed. 
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Flexible Conduit. — This material is generally called “ green- 
field/' It is shown in Fig. 11-31 and is neither more nor less 
than the empty armor of armored cable, without the wires. 
Except in a few scattered areas, this material is relatively 
little used. Where it is popular, it is used like armored cable, 
except that the flexible conduit is first installed and the wires 
are later pulled into place just as with rigid conduit or EMT 
Connectors are used as in armored cable, except that the peep- 
holes are not required since fiber bushings are not used. 

Another application is in connection with installations whore 
a certain amount of flexibility is required, for example when 
motors are installed with sliding bases to 
take up slack in belts. Obviously the wires 
to any motor so installed cannot be in rigid 
conduit because then the motor would be 
immovable Similarly, a certain amount of 
it is used where the use of rigid conduit 
would involve extremely difficult or awk- 
ward bends. 

Knob and Tube System. — The original 
method of wiring when electrical installa- 
tions were first made was the knob and tube 
method, which today is still extremely 
popular in certain large areas, although it 
is practically unknown in others. Basically 
it consists merely of rubber-covered wire 
mounted on porcelain insulators and running 
through porcelain insulating tubes at points 
where extra insulation is needed. 

Where Used. — The Code places no restric- 
tions on this type of wiring so far as residen- 
tial use is concerned, except that it may not be used in 
garages big enough for more than two cars. It is best to 
check local ordinances, for in many localities it is prohibited. 

Insulators. — The most common insulator is the nail knob, 
shown in Fig. 11-32. This consists of a body with two grooves 
and a head, plus a nail, with a leather washer so that the 



Porcelain ProductSt 
Jnc, 

Fig. 11-32.— 
Nail knobs are 
used to support 
wires m knob and 
tube wiling 
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porcelain will not be fractured when the nail is driven home. 
This insulator is made in a variety of sizes for different size 
wires. The nails are usually cement coated, which causes 
them to hold better than plain nails. The grooves have 
ridges or corrugations in them so that the wires will not slip. 
Care should be used in driving home the nails to provide 
enough tension to grip the wire tightly and yet not damage the 
insulation. 

The solid knob shown in Fig. 11-33 is not used a great deal 
because the wire must be tied to the knob by a separate tie 



Porcelain Products, Inc. 

Fio. 11-33. — Solid knobs are not as convenient as split nail knobs, for the 
wires must be tied to each knob. 

wire, as shown in the same picture. The tie wire must not 
be smaller than the main wire. These solid knobs usually 
come without nails, and it is a nuisance to provide leather 
washers for the nails; if nails are used without washers, a high 
percentage of the insulators will be cracked. Wood screws 
eliminate this difficulty but take a longer time to install. 

Where two wires run parallel, cleats of the type shown in 
Fig. 11-34 may be used. Generally these are sold unassem- 
bled, but recently they have become available with nails and 
leather washers, as shown in the picture, which, of course, 
makes them far more practical to use. 
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Tubes of the type shown in Fig. 11-35 are used where a wire 
runs through a joist, stud, or other timber. They are avail- 
able in many diameters and lengths. In using them, bore the 
hole through the timber at a slight angle, so that when installed 
the tubes will not easily fall out (see Fig. 11-36). 



Porcelain Products, Inc, 


Fig. 11-34. — Nail 
cleats are used like 
nail knobs, but sup- 
port two wires in- 
stead of one. They 
may be used only 
for exposed wiring. 




Porcelain Products, Inc, 

Fig. 11-35. — Porcelain tubes are 
used wherever wires run through 
timbers, and also for several other 
purposes. 



Fig. 11-36. — In boring holes through timbers, for porcelain tubes, bore them at 
an angle so that the tubes will not fall out of the holes. 


Spacing of Wires. — Where the wires are exposed, they must 
be separated from each other at least 2 }^ in., and at least in. 
from the surface over which they run (Code, Sec. 3205). In 
damp locations this is increased to 1 in. If the wires are con- 
cealed, these figures are increased, in accordance with Sec. 
3245, and the wires must be kept 3 in. apart and 1 in. from the 
surface over which they run. Ordinary knobs keep the wires 
at least an inch from the surface and may therefore be used 
for either exposed or concealed work, but cleats separate the 
wires only 2^'2 in. and keep them only in. from the surface, 
hence may be used only for exposed work. While split knobs 
have two grooves, it is not permissible to support more than 
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one wire on a single knob, since two wires would not be 
separated by the required distance. 

2 by 4’s . — The so-called “2 by 4’’ timber is actually only 
about in. wide. Since the ordinary 2- wire cleat is about 
SJ'i in. long and keeps the two wires 2}4 in. apart, it may be 



Fio. 11-37. — Two waj's of running a pair of vertical wires within a wall. 

used for exposed work to bring two wires down the side of 
such a 2 by 4. In concealed work, however, the wires must 
be kept at least 3 in. apart; considering the diameter of the 
knobs, it is evident that it vdll be impossilile to run two 


, ' . ■ flextub'e' 

National Elec. Products, Inc, 

Fig. 11-38. — Approved flexible tubing, or loom. Use it over each wire where 
the separation required by Code cannot be maintained. 

wires on the same side of such a timber. Therefore one of 
the two methods shown in Fig. 11-37 must be used, that in A 
being the more common because it requires less boring. 

Flexible Tubing. — Sometimes it is impossible to keep the 
wires the required distance apart or from the surface. In that 
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case the wires are further protected by flexible tubing, as it is 
called in the Code. It is more commonly known as “loom.^^ 
A piece of it is shown in Fig 1 1-38. It comes in an assortment 
of sizes, the smallest of which is known as although 

its internal diameter is actually 
over in. It will in most 
brands accommodate No 14, 

12, or 10 wire. It is a tough 
material consisting of cotton 
and paper strands properly 
A\oven to form continuous tub- 
ing, the entire assembly impreg- 
nated with water- and fire-resist- 
ant compounds, finished off 
usually with wax or lacquer for 
the sake of cleanliness 

Whenever the wires come 
closer together than permitted by 
Code, slip a length of loom over each wire; two wires are never 
placed inside the same piece. The loom must be in one piece 
and must extend from insulator to insulator; a short piece 
might slip, leaving wires still unprotected where they most 
needed the extra insulation 



la 1 1-39 — Where wires cross 
each othei, give them additional 
protection by means of loom or 
poicelain tubes. 


- Noiover!?^-- 


Wire 


Porceh/n,^ 
cleats 
or knobs 



’Outlet 
box or 
swftcbbox 


Fig 11-40 — Tjpical construction at an outlet box 


Where wiies cross each other, slip loom over both wires 
Instead of loom, porcelain tubes are permissible Put an 
insulator at each end, so that the pieces of loom or the tubes 
cannot slip out of place (see Fig. 11-39). 

Where wires enter outlet or switch boxes, they cannot be 
kept the required distance apart; consequently install a piece 
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of loom over each wire, making sure it extends back to the 
last insulator, also well into the box, as illustrated in Fig. 
11 - 40 . 

Frequency of Support. — The Code requires that the wires be 
supported on insulators at least every 4}^ ft., with the reminder 
that good judgment be used and this interval shortened in 
places where the wiring might be disturbed. The local 



Cirde F Mfg. Co. 


Fig. 11-41. — The fittings heic bhown ma\ be used only with exposed knob 
and tube work, unless mounted on top of outlet box covers. The devices 
in the top low are receptacles, and those in the bottom low aie rosettes, used 
for drop cords. 

inspector is the final judge of whether or not the intent of the 
Code has been observed. 

In old work, where the wires are fished through the walls 
after the building is finished, obviously this requirement can-' 
not be carried out, so for this type of work the Code permits 
fished wires loose within walls, except that each one must be 
concealed inside a continuous length of loom extending from 
the last support (or box) to the next. Since the cost of two 
lengths of rubber-covered wire, plus two lengths of loom, is 
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usually more than the cost of one length of armored or non- 
metallic cable, and since cable entails much less work, knob 
and tube work is very little used in installations of this kind. 

An insulator is required within 12 in. of every outlet, as was 
shown in Fig. 11-40. An outlet box is required at every out- 



Fig. 11-42. — Typical coiibtruction where wires are tapped in knob and tube 

woi k. 


let, as in other types of installations, with the exception that 
when the wiring is entirely exposed, fittings of the type shown 
in Fig. 1 1-41 are permitted, mounted directly on the surface 
over which the wires run. Nevertheless, the use of this type of 
, fittings is to be discouraged, in favor of 

J . outlet boxes throughout; usually the 

l<--Wire receptacles, screw-shell outlets, and similar 
f-'Knob devices designed for mounting on outlet 
boxes are considerably more sturdy than 
the fittings shown in Fig. 11-41. 

An insulator is required ivithin 6 in. of 
i///y every tap, as shown in Fig. 11-42. In 

Fig. 11-43.— When this picture there is an apparent violation 

a wire comes along Code rule regarding spacing, in 

the side of a timber , . o o 

and then ruiib through that two Wires are shown on the same 

a porcelain tube, use a knob, closer together than Code minimum, 
knob near the tube. __ a i ... , 

However, one of the two wires is tapped 
to the other so that there is no difference of voltage between 
the two ; it really is the same wire going through one knob twice. 

Where a wire runs along the side of a timber and then goes 
through a porcelain tube, place a knob near the tube so that 


Mi 

W '^"Timber 


Fig. 11-43.— When 
a wire comes along 
the side of a timber 
and then ruiib through 
a porcelain tube, use a 
knob near the tube. 
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the wire will be kept the required distance from the surface. 
This is shown in Fig. 1 1-43. 

In concealed work where a wire runs downward and ulti- 
mately goes through a floor sill or similar timber, additional 

protection must be provided 
I |[| in the form of another tube 

|l at least 3 in. long, besides 

i III the tube which goes through 

I the timber. Figure 11-44 

jj should make this clear. 

il\ I This is required because 

i I there is usually an accumu- 

Nation of shavings, loose 

crJ plaster, and other debris at 
, tti, point; without the extra 

tube this would accumulate 
I I directly in contact with the 

Fig. 11-44. — When a wire runs Wire. 

tliroURh a floor timber inside a wall. ComerS.— In exposed work 

install an extra tube as shown. ^ 

where cleats are used, do not 
make the mistake of using a cleat at the corner as shown in A 
of Fig. 11-45. The cleat separates the wires 2)^ in. when 


Knobs 
;> 1 
* Exfra fubes\ 


Fig. 11-44. — When a wire runs 
through a floor timber inside a wall, 
install an extra tube as shown. 



(approx) 

CA) (B) 

WRONG RIGHT 


Fig. 11-45. — Where wires make a light-angle turn, cleats cannot be used oven 
in exposed work. 


measured across the cleat, but they are actually only 1^^ in. 
apart measured the shortest way , Two knobs, as shown in B 
of Fig. 11-45, should be used. 
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Separation from Metal Work. — If wires come closer than 
2 in. to conduit, steam or water pipe, or other metal work, 
additional protection is required. Again this takes the form 
of loom or insulator tubes, securely fastened so they cannot 
slip out of place. The reason for this provision is not hard to 
see when it is remembered that condensed moisture often drips 
from water pipes. Wires should be run over, rather than 
under, pipes and similar metal work. 

Separation from Other Wires. — The same requirements as 
outlined above for metal work hold for other wires, such as 
low-voltage doorbell wires, telephone wires, etc. 

Protection against Mechanical Injury. — Exposed wires can 
be damaged relatively easily; therefore some rather defi- 
nite requirements for protection are included in the Code. 
Broadly, the types of protection can be put in two groups: 
unfinished attics and roof spaces, and all other locations. 

Unfinished Attics and Roof Spaces. — If the building is 
iinishcd before the wiring is installed and if the headroom in 



Fia. 11-46. Fig. 11-47. 

Figs. 11-46 and 11-47. — Where exposed to mechanical injury, wires must be 
protected by running boards, under some conditions. 

the attic or roof space is less than 3 ft., such space is considered 
merely a hollow wall. In all other cases the requirements of 
the following paragraphs apply. 

If the wires run along the sides of rafters or studs or joists, 
the requirements are the same as for any other location. 
If they run in any other direction, and are within 7 ft. of the 
floor or floor joists, they must go through porcelain tubes in 
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bored holes in such timbers. They may never be run on knobs 
fastened to the edge of such timbers. 

If the attic or roof space is accessible, that is, if it can be 
reached by stairs or a permanent ladder, then the wires must 
be further protected by substantial boards extending at least 1 
in. beyond the wires, as shown in Figs. 11-46 and 11-47. 

Other Locations. — In any location where the wires are within 
7 ft. of the floor, they are considered subject to mechanical 
injury. In any given case regardless of distance from the floor, 
whether the wires are or are not in fact subject to mechanical 
injury is something for the local inspector to decide. If they 



' Rails- af least as knob 

high as insulators 


Fig. 11-48. — Rails may Fig. 11-49. — Combination of 

also be used for protection. running board with rails. 

fall into that classification, they must be given further pro- 
tection by one of several methods. 

Guard rails as shown in Fig. 11-48 may be used; the lumber 
must be at least in. thick, at least as high as the insulators 
used, and placed close to the wires, although the required 
in. separation distance must be observed. 

A variation of this is the running board with guard rails, as 
shown in Fig. 11-49. The running board must be at least H 
in. thick, must project not less than 1 in. and not more than 
2 in. beyond the wire, and the guard strips must be at least 
% by 2 in. 

The wires may be completely boxed by simply putting a 
cover on the combination of running board with guard rails, 
as shown in Fig. 11-49. If this runs in a vertical position, 
then a cover must be provided on the top end; this may be 
simply another piece of board, with porcelain tubes, of course. 
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where the wires enter. This makes concealed wiring out of 
the job, and the 1- by 3-in. separation must be observed as 
required for concealed work. 



Changing from One System to Another. — At times it will be 
necessary to change from conduit wiring 
to cable wiring, or from knob and tube „ I "f . 

to cable, but this presents no great prob- j 

lem. The simplest way is to make the § 
change at an outlet box. Figure 11-50, x 
for example, shows four different systems 


all entering the same box. 

In changing from cable wiring to knob 
and tube, or from conduit to knob and 
tube, some prefer to use a fitting of the 


liG 11-51— This 
fitting IS frequenth 
used in changing 
from cable to open 
wiring 


type shown in Fig. 11-61. It consists of a connector with an 


insulating block to separate the several wires. 



CHAPTER 12 


BRANCH CIRCUITS AND SERVICE ENTRANCE 

The outlets’ of an installation are connected into groups or 
branch circuits each protected by a separate ovcrcurrent 
device, such as fuse or circuit breaker. The Code defines a 
branch circuit as ^Hhat portion of a wiring system extending 
beyond the final overcurrent device protecting the circuit.^' 

The mrcs between the main fuse of an installation and the 
final fuse protecting the circuit beyond that fuse are feeders. 
Note carefully the words “protecting the circuit.” An over- 
current device installed just ahead of a motor, or built into 
the motor, is there to protect the motor and not the circuit 
and, therefore, must be disregarded when determining where 
a circuit begins. 

Advantages of Numerous Branch Circuits. — Having sepa- 
rate circuits for groups of lights leads to the practical result 
that an entire building is never in complete darkness on 
account of a blown fuse except on the rare occasions when a 
main fuse blows. There is added safety in having a consider- 
able number of separate branch circuits. Most of the time 
each fuse carries but a portion of its maximum carrying capac- 
ity. However, there are times during each day when perhaps 
a considerable number of lights are turned on; a washing 
machine may be running, perhaps a flatiron is being used; 
other devices may also be put into service at the same time. 
With a considerable number of circuits, in a properly designed 
installation, the load will be fairly well divided among the 
various fuses with the result that none is overloaded and none 
blows. With but a few circuits, each fuse will carry a heavier 
load and fuses will blow far more frequently. Fuses that blow 

' For definition of “outlet” see p. 56. 
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often tempt the owner to use a size larger than permitted with 
the usual No. 14 wire used in the average installation, or 
perhaps even to resort to substitutes which defeat the purpose 
of fuses entirely. Obviously, this introduces distinct fire 
hazards. Another practical consideration is that the greater 
the number of circuits, the less will be the voltage drop in each 
circuit, with less wasted power and higher efficiency of bulbs 
and appliances. 

Determining Number of Circuits. — The Code in Secs. 2115 
and 2116 has definite requirements concerning the minimum 
number of circuits that may be installed. The starting point 
is the floor area. For residential purposes the Code requires 
that this shall be computed '^from the outside dimensions of 
the house, apartment or area involved, not including open 
porches, garages in connection with dwelling occupancies, 
nor unfinished^ spaces in basements or attics of dwellings.’^ 
The Code for lighting purposes (including receptacle outlets 
into which lamps for lighting purposes are ordinarily plugged) 
requires a minimum of 2 watts per square foot of area so 
computed. 

A home that is 25 X 36 ft. has an area of 900 sq. ft. per 
floor, or 1,800 sq, ft. for two floors. Assume that it has a 
finished recreation room in the basement, 123^^ X 16 ft., or an 
area of 200 sq. ft. This makes a total of 2,000 sq. ft. and will 
require for lighting a minimum of 2 X 2,000, or 4,000 watts. 

The average circuit is wired with No. 14 mre which has a 
carrying capacity of 15 amp., which at 115 volts is equivalent 
to 15 X 115, or 1,725 watts. For 4,000 watts, 4,000/1,725 or 
2.3 circuits will be required. Since there cannot be a fraction^ 
of a circuit, two circuits must be installed to meet the Code 
minimum for lighting only. 

The same answer can be reached another way. Since each 

1 ‘‘Unfinished means not suitable for living quarters. An ordinary 
basement is “unfinished.'^ Any part of a basement arranged for a 
recreation room or similar purpose is “finished." 

* If an answer involves a fraction smaller than drop the fraction. 
If the fraction is or more, use the next higher number. 
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circuit can carry 1,725 watts, and since 2 watts are required for 
each square foot, each circuit can servo 1,725/2, or 862}^ 
sq. ft. For 2,000 sq. ft. there will then be required 
2,000/862J^, or 2.3, which means two circuits. The answer is 
the same, whichever method is used. 

In addition to the circuits required for lighting, determined 
as above outlined, the Code in Sec. 2115b requires a minimum 
of one circuit for serving the small appliance load in kitchen, 
laundry,^ pantry, dining room and breakfast room.’^ Note 
that no other outlets such as lighting outlets may be connected 
to this circuit. This special circuit must be wired with No. 
12 wire, as compared Avith No. 14 which is acceptable for the 
other circuits. Being wired with No. 12, the circuit may be 
protected by 20-amp. fuses or other overcurrent device. 

Adding this appliance circuit to the two required for light- 
ing, results in a total of three circuits for the house in question. 
The Code requires this as a minimum. Most people will 
consider this minimum as entirely inadequate from the stand- 
point of convenience or common-sense planning; few people 
would be permanently satisfied with only three circuits even 
in a house as small as 2,000 sq. ft. 

The Code in Sec. 2115a recommends, but does not require, 
one circuit for every 500 sq. ft. of floor area, plus one appliance 
circuit. Following this recommendation will in the case of the 
2,000-sq. ft. house result in a total of five circuits, which would 
be more nearly adequate. Wise homeowners and others 
planning an installation will follow the recommendation of 
one circuit per 500 sq. ft. of area. 

Note too that these determinations make no provision for 
range, Avater heater, or other appliances too large to be 
plugged into an ordinary receptacle. Separate circuits must 
be provided for such purposes. It will be well toVremember 
that to provide a spare circuit for future use costs little at the 
time of original installation, as compared with the cost of 
adding it later. 

^ For details concerning the special nature of the laundry outlet, see 
p. 336. 
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Types of Branch Circuits. — ^As compared with the 1940 
Code, the 1947 version has considerably simplified its treat- 
ment of the subject of branch circuits in general. 

The 1940 Code recognized branch circuits of 15, 20, 25, 35, 
and 50 amp. capacity (corresponding to the carrying capacity 
in amperes of common sizes of wire) and ^ individual branch 
circuits’’ of any capacity larger than 50 amp. The 1947 Code 
recognizes basically two different types of branch circuits: 
The first classification is those serving two or more outlets such 
as receptacles or permanently connected current-consuming 
devices such as fixtures or appliances. Such circuits are 
rated at 15, 20, 30, and 50 amp. (based on new carrying 
capacities as defined in the new Code, for Nos. 14, 12, 10, and 8 
wire), but never more than 50 amp. The second classification 
is individual branch circuits,” which may serve only a single 
current-consuming device and which may be of any capacity 
whatsoever, as determined by the load. 

Branch Circuits Serving Single Outlets. — The wire size 
must be sufficient to carry the amperage load to be connected 
to it (if the circuit serves only a motor, other provisions apply; 
see Chap. 29) . If the load is a range with a maximum capacity 
of 8^4 kw. or more, the smallest permissible size is No. 8, 
with No. 10 for the neutral. The overcurrent protection 
must be of a rating that may be less but never more than the 
carrying capacity of the wire used in the circuit, but may not 
exceed 150 per cent of the rating of the appliance which is the 
load. The types of sockets and receptacles that may be 
connected to any circuit are the same as are permissible on 
circuits of the same carrying capacity, but serving two or more 
outlets. 

Circuits Serving Two or More Outlets. — In the 1947 Code 
there are only four such circuits: 15, 20, 30, and 50 amp. 
These ratings are based on the new carrying capacities of 
various sizes of wires as defined in the Code. 

16-amp. Branch Circuit. — This circuit is wired with No. 14 
wire and is protected by 15-amp. fuses or other overcurrent 
protection. The receptacles connected to it may not be 
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rated in excess of 15 amp., which means that only the ordinary 
household variety of receptacle may be used. Any type of 
sockets for lighting may be connected to it. No 'portable 
appliance used on the circuit may exceed 12 amp. in rating. 
If the circuit serves lighting circuits and portable appliances 
as is usually the case, and also serves fixed or permanently 
connected appliances, the total rating of all the fixed appli- 
ances must not exceed amp. 

20-amp. Branch Circuit. — This is wired with No. 12 wire 
and protected by 20-amp. overcurrent protection. In homes 
it is used only for the special 20-amp. appliance circuit reejuired 
by Sec. 2115b to serve appliances. Receptacles must be the 
ordinary 15-amp. type; lighting fixtures may not be connected 
to it. 

30-amp. Branch Circuit. — This is wired with No. 10 wire 
and protected by 30-amp. overcurrent protection. It is 
commonly used for lighting in nonresidential o(‘cupancies. 
Sockets connected to it must be of the heavy-duty type, 
which automatically rules out the circuit for use in homes 
for lighting. For appliances, this circuit may l)e used any- 
where; no portable appliance may exceed 2i-amp. rating. 
Receptacles connected to it must be either 20- or 30-amp. 
rating. 

60-amp. Branch Circuit. — This is wired with No. 6 wire 
and protected by 50-amp. overcurrent protection. For 
appliances, the circuit may be used anywhere; in Ijpmcs it 
may be used for ranges, water heaters, etc. The receptacles 
used on the circuit must have 50-amp. rating. 

For lighting it is used only in nonresidential occupancies. 
All sockets must be of the heavy-duty type. 

“Fixed” Appliances. — Fixed appliances are those not 
intended to be moved about. Cord-and-plug connections 
are often permitted on fixed appliances; electric ranges 
in most cases are connected to the circuit by means of a plug 
and receptacle, but are nevertheless “fixed” within the Code 
meaning. 
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Appliances in General. — From these general discussions it is 
obvious that an electric range requires a separate circuit, 
except that the Code permits a water heater (but no other 
device) to be included on the same circuit. It is good practice 
to provide a separate circuit for a permanently installed 
bathroom heater. In suburban homes where city water is not 
available and individual water-pressure systems are installed, 
the motor deserves a separate circuit. On the other hand, in a 
home workshop, where perhaps half a dozen motors are 
installed but where it is not likely more than one will ever be 
used at one time, it is not necessary to install a separate 
circuit for each. As a matter of fact it is wise to have the 
motor outlets in such a shop on the lighting circuit, because, 
if the motors were on a separate circuit and the fuse protecting 
the lighting circuit should blow, the owner would be in a 
hazardous spot with machinery running at full speed in total 
darkness. 

All appliances must be provided with disconnecting means, 
except fixed appliances rated less than 1,650 watts. The 
disconnecting means may be the usual cord and plug arrange- 
ment, or it may be an inexpensive switch such as is illustrated 
in Fig. 12-8 on page 188. 

Balancing Circuits. — If a house is served by a 3-wire 
115/230-volt service (which includes, of course, a neutral 
wire), the neutral wire of each branch circuit is connected to 
the incoming neutral. Care must be used in connecting the 
“hot^^ Avires of the branch circuits so that they will be divided 
approximately equally between the two incoming ‘‘hot’* 
wires. If this is not done, practically all the load may be 
thrown on only two of the three incoming wires, and a 2-wire 
service might as well have been used in the first place. Unbal- 
anced conditions lead to frequent blowing of fuses. 

Location of Branch-circuit Fuses. — The usual custom is to 
locate all the branch-circuit fuses or circuit breakers in one 
location. In the past this location all too frequently was some 
point in the basement, or some other equally inconvenient 
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point. They should be located where they are easy to reach, 
especially in darkness. The size of the equipment, housing 
both the main and the branch-circuit fuses, has been reduced 
so that today the entire assembly is a very compact unit, 
designed for flush mounting if desired. 

More and more it is becoming the custom to mount all this 
equipment, or at least the branch-circuit fuses, in the kitchen 
or pantry or some similar easily accessible point. The logical 
location is in or near the kitchen because generally speaking 
that is where the greatest portion of the total power is con- 
sumed. Locating the equipment there means that the heavy 
incoming wires can be shorter, wires to the various outlets are 
shorter with less voltage drop, and so on. 

Branch-circuit Schemes. — The most usual scheme of locat- 
ing all branch-circuit fuses at one point is shown in Fig. 12-1. 
So far as fusing is concerned;^ the wires beyond the branch- 
circuit fuses may be as long as desired. Note that 230- volt 
circuits may be run at any point by simply tapping off the 
two black wires. For example, the black wire of circuit No. 
1 and the black wire of circuit No. 4 together would make 
one 230-volt circuit, the white wires, of course, being disre- 
garded. One such 230-volt circuit is shown in dotted lines. 

Especially in larger homes, some prefer to locate the branch- 
circuit fuses in various locations throughout the house, the fuses 
controlling the basement circuits, for example, being placed 
in the basement, those controlling the first floor being 
placed in the kitchen, those controlling the second floor being 
placed on that floor, and so on. The scheme of Fig. 12-2 is 
used. A pair of feeders runs from the fuse cabinet (usually 
located in the same cabinet with the main fuses and the 
entrance switch) to the location of each group of branch- 
circuit fuses located on the various floors. 

The wires from the fuse cabinet in Fig. 12-2, to each location 
where a group of branch-circuit fuses is installed, are feeders, 
as already explained. The wires of any feeder must be of 
sufficient size to carry the total load of the branch circuits 
which that feeder serves. The ampere rating of the overcur- 
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No.t Mo.2 No.3 



Fig. 12-1. — The mobt comiiioii scheme of locating all fuses at one location. 


CinNo.2 



Fig. 12-2. — In this scheme branch-circuit fuses are placed in groups at 
vaiious locations throughout the house. In this case fuses are required at 
the point where the feeders to these groups of fuses begin. 
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rent protection for the feeder must not be greater than the 
carrying capacity of the feeder. In accordance with Sec. 2201 
of the Code, No. 10 is the smallest wire permitted for a 2-wire 
feeder that serves two or more 2-wire branches, or when a 
3-wire feeder serves more than two 2-wire circuits, or when it 
feeds two or more 3-wire circuits. 

Note that in Fig. 12-1 the fuses in the fuse cabinet are 
branch-circuit fuses. In Fig. 12-2, the same fuses in the same 
cabinet become feeder fuses. 

Distribution of Outlets on Circuits. — If the usual scheme 
is used, placing all the branch-circuit overcurrcnt devices in one 
location, the question of what particular outlets to place on 
each circuit must be carefully studied. It is not wise to place 
all the first-floor outlets on one circuit, all those on the second 
floor on another, and so on, for then an entire floor Avill be in 
darkness if one fuse blows. First of all, place all the receptacle 
outlets of the kitchen, laundry, pantry, dining room, and 
breakfast room on a separate 20-amp. circuit, as required by 
Code Sec. 2115b. Beyond that it is best to have, on each 
circuit, outlets of several different rooms and different floors; 
when a fuse blows or a circuit breaker trips, there will be at 
least some light on each floor. 

Service Entrance. — Every installation must include wires to 
bring the current into the building, with proper means as 
required in the Code for disconnecting the service, for over- 
current protection, for grounding, etc. All these related acces- 
sories are known as the “service entrance. Usually the 
branch-circuit fuses or other overcurrent devices are included 
mechanically in the same cabinet with other parts of the serv- 
ice entrance, but by Code definition such branch-circuit pro- 
tection is not part of the service entrance. 

The service entrance consists of five parts, as follows: 

1. Service drop wires. 

2. Service entrance wires. 

3. Disconnecting means. 

4. Overcurrent protection. 

5. Ground. 
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Service Drop Wires. — The Code defines service drop wires 
as ‘Hhat portion of overhead service conductors between the 
pole and the first point of attachment to the building.” If 
the wires are not overhead, they are not classed as service drop 
wires but become service entrance wires, covered by the next 
paragraph. In general, the service drop wires are supplied and 
installed by the power company, although the owner or con- 
tractor furnishes the insulators by which the wires are sup- 
ported at the building. 

Service Entrance Wires. — The wires from the point where 
the wires supplied by the power company end, up to the service 
switch, are the service entrance wires. They may be rubber- 
covered wires brought in through conduit, or wires made up 
into special cables designed for the purpose. Wires supported 
on insulators as in knob and tube wiring are permitted, but 
seldom used. Often service entrance wires are run under- 
ground, in which case any kind of cable suitable for general 
underground work is used. The usual combination is lead- 
sheathed cable run inside conduit, parkway cable, or Style USE 
entrance cable (see page 92). 

Uninsulated Wire in Service Entrance. — In most wiring 
systems the neutral conductor is grounded, which, as pointed 
out in an earlier chapter, means that whenever a water pipe 
or radiator is touched, the neutral wire is touched. This 
being the case, why insulate that wire? The Code in Sec. 
2303a does permit uninsulated or bare wire for the grounded- 
neutral wire of the service entrance, but only if the voltage 
to ground^ is not over 208 volts, which condition is met with 
either a 2-wire 115- volt, a 3-wire 115/230-volt or a 4-\vire 
120/208 volt 3-phase service. 

When service entrance cable is used, to reduce the over- 
all size of the cable, the bare neutral conductor is usually 
wrapped spirally around the insulated mres, as sho^vn in Fig. 
12-3, which shows the most common type of this cable. In 
use, the spirally wound individual conductors are grouped and 
twisted to form a stranded wire, as shown in Fig. 12-4. 

1 See p. 130 for definition of ‘Voltage to ground.’^ 
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Types of Service Entrance Cable. — The most common type 
in use was shown in Fig. 12-3; it is known as Type SE, style 
A. The A indicates the steel armor which is applied in 
the form of a flat spiral over the bare conductor for mechanical 
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Fio. 12-3. — ^Service entrance cable, Type SE, &t>le A. One of the wirejs 
is a bare wire wrapped concentrically around the insulated wires. Over all 
the conductors is a steel armor. 
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Fig. 12-4. The conceiitiic conductor is bunched togcthei wheie it is to l)e 
attached to a terminal. 
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Crescent Ins, Wxre cfc Cable Co, 
Fig. 12-5. — Service entrance cable, Type SE, style U. This cable is like that 
shown in Fig. 12-3 except that the steel armor is omitted. 


protection. In some localities the type shown in Fig. 12-5 is 
more common; it diiEfers from the first type in that it does not 
have the steel armor. It is known as Type SE, style U. 

Figure 12-6 shows Type ASE, having all conductors insu- 
lated and a layer of interlocking steel armor for mechanical 
protection. It is stronger mechanically than the other types. 
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T5'’pe SD, shown in Fig. 12-7, is also used; it is very 
similar to Type SE, style U, but has less protective material 
over the conductors. Its use is usually restricted to overhead 
runs. When run along a building, it must be protected by 
conduit, whereas other types are run exposed, merely attached 
to the surface over which they run. 



Crescent Ins. Wire dr Cable Co, 


Fio 12-C — Service entrance cable, Type ASE. All the conductors are 
insulated, and an aimor of inteilocking steel is used. This style of cable is 
little used today 
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Fig. 12-7 — Sci vice entiaiice cable, Type SD. It is used mostly for overhead 
runs. W^heii used on a building, it must be protected by conduit. 

Which type to use in any given case is best determined by 
consulting the local power company or the local inspector. 

Disconnecting Means. — device must be provided, at or 
near the point where the service wires enter a building, to dis- 
connect or isolate the entire building from its source of supply. 
This is a safety factor, for there are times when it is very 
desirable to “kilF' all parts of the wiring system, for example 


T 

1 ^ 


Bra/d 




r ' 

Paper tape 




188 


THEORY AND BASIC PRINCIPLES 


in the case of fire or when work is being done on certain parts of 
- _ the wiring system. It is customary to 

I 4 4 have the cabinet that houses the dis- 

, I connecting means also hold the main 

j • - ^ fuses and branch-circuit fuses. 

disconnecting means usually 
* consists of a service switch, often a 
knife-blade 'type, the simplest form of 
which is shown in Fig. 12-8. This dis- 
connects the entire wiring system It 
Square D Co must bc “ extcmally operable,’^ which 

] iG 12-S — The sirn- -c x* x j • 

piest Upe of switch specification according to the Code is 

Occasionally it is used fulfilled if the switch can be operated 
as a seivice switch for •,! x xu x • j x 

veiy binaii installations Without the operator being exposed to 

It IS more fiequentiy live parts. The usual method is an 
..aod for other purposes. handle. 

Instead of a knife switch, a pull-out fuse block may be used 
The clips for holding the fuses, instead of being a permanent 



1<IG. 12-9. — A pull-out type of switch. The fuses are mounted on an insu- 
lating block. When the block is pulled out, no live parts are exposed 

part of a switch, are mounted on a small separate block of 
porcelain, bakelite, or similar insulating material. In turn 
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>J. 


Square D Co, 
Fig 12-10 — In 
this type of switch, 
opening the dooi 
cuts off the cm rent 
This partK ular 
switch also contains 
fuses foi blanch 
cn cults 


clips on this block make contact with the main mechanism 
through small openings in an insulating 
barrier, so that, when the block is pulled 
out, no live parts whatever are exposed. 

When this insulating block is inserted into 
the switch upside down, the switch is off. 

A very popular unit of this kind with 
branch-circuit fuses is shown in Fig. 12-9. 

Very similar is the type which has 
jumper straps mounted on an insulating 
block in the door of the box, so arranged 
that, when the door is opened, these jump- 
ers pull out of the main mechanism, killing 
all circuits. Of course, the fuse holders 
are completely dead while the door is open. 

A unit of this type is shown in Fig 12-10. 

Instead of a single device that disconnects the entiie winng 
system by a single movement, the 
Code, in Sec 2351a, permits several 
other schemes under certain condi- 
tions. One of these involves the use 
of circuit breakers of the type dis- 
cussed in Chap. 5; the working 
mechanism of one was shown in Fig. 
5-8. Up to, but not more than, six 
such circuit breakers may be used 
without a separate disconnecting 
means ahead of them; the breakers 
may be either single-pole type (for a 
2-wire circuit with grounded neutral) 
or 2-pole type (for a 2-wire circuit, 
usually 230 volts with or without a 
third grounded wire) . The breakers 
then serve both as disconnecting 
means and as branch-circuit protec- 
tion. Figure 12-1 1 shows a complete 
unit. A frequent combination is one with four 15-amp 


-TOT 



Westinghowie Electric Corp. 

Fig 12-11 — A No-Fuzo 
type of breaker with five 
single-pole and one double- 
pole breaker. This partic- 
ular unit IS designed for 
flush mounting. 
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breakers for ordinary branch circuits, one 20-amp. breaker for 
appliance-outlet circuit, and one 35-amp. double-pole breaker 
for the range. For larger installations they are available with 
any required number of breakers above six; such units, how- 
ever require a separate disconnecting means ahead of them. 
This may be a service switch but more usually is a main 
breaker, sometimes in the same cabinet as 
the branch-circuit breakers. 

Service Switches. — When the disconnect- 
ing means takes the form of a switch, it is 
known as a “ service switch. The smallest 
switch for this purpose is rated at 30 amp. ; 
larger standard ratings arc 60, 100, 200, 
400, 600 amp. For residential purposes 
they are further divided into 2-pole and 
3-polc types. 

The 2-pole type is used on a 2-wire 
service when only 115 volts is made avail- 
able to the building involved. The 3-pole 
type is used on 3-wire service when both 
115 and 230 volts are made available. 
Inasmuch as one of the wires in practically 
all cases is a grounded or neutral wire, 
which is never interrupted by a switch^ 
or fuse, most of these switches are of the 
^‘solid neutral” type. This simply means that, if the switch 
is 3-pole solid neutral, it has two blades to open two of the 
wires and a neutral” pole which consists merely of a strap 
with a number of terminals to which the incoming and out- 
going neutral wires are connected. Likewise, a 2-pole solid 
neutral switch has only one blade, plus the neutral terminal 
strap. If there are main fuses in the same enclosure, naturally 


i 1 




Square D Co. 

Fig. 12-12. — A 
compact unit which 
takes advantage of 
the Code’s excep- 
tion: no main fuses 
required when six 
or loss ])ranch-ch*- 
cuit fuses are used, 
if an unfused switch 
is used ahead of the 
fuses. The switch 
shown handles six 
branch circuits. 


1 In general the grounded-neutral wire may be interrupted by a switch 
blade or circuit breaker (but never a fuse), provided the device is so 
designed that it is impossible to open the grounded wire without simul- 
taneously opening all the imgrounded wires. 
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there is one for each blade of the switch, in other words, one 
for each pole except the neutral. 

In this connection, Sec. 2351 of the Code may prove con- 
fusing to most readers. This section provides that ^‘each set 
of service-entrance conductors shall be provided with a readily 
accessible means of disconnecting all conductors from the 
source of supply.^' Section 2351c reads: “if the switch or 
circuit breaker does not interrupt the grounded conductor, 
other means shall be provided ... for disconnecting the 
grounded conductor.” One statement apparently contradicts 
the other, and both may seem contrary to the statements of the 
previous paragraph in which it was stated that the grounded 
Avire is rarely interrupted by a switch and usually runs directly 
to the neutral bar of the service switch. 

The answer lies in the fact that since the grounded wire of 
the service entrance and those grounded wires in the feeders 
or branch circuits are connected to the neutral bar by means 
of terminals or pressure connectors, they are removable by 
means of ordinary tools; this satisfies Code requirements. If 
such wires Avere soldered to the terminal bar, this would not be 
true. 

Solder Joints Prohibited. — The 1947 Code in Sec. 2358 
has a ncAV provision that prohibits the use of soldered con- 
nections on serAuce entrance SAvitches and circuit breakers 
used for that purpose. All joints must be made using solder- 
less connectors (“pressure” connectors, clamps, and similar 
means). 

Standardization. — Unfortunately there is a Avoeful lack of 
standardization on service switches in various parts of the 
country. A manufacturer Avishing to service all 48 states may 
be required to carry in stock a dozen different switches all 
answering to the general description of “60-amp. 3-pole solid 
neutral.” It is therefore necessary to consult the local power 
company to determine which sAvitch in any manufacturer’s 
line is suitable for use locally. 

Two-wire or Three-wire? — This question is simply answered. 
If more than two circuits are involved, use the 3-Avire system. 



192 


THEORY AND BASIC PRINCIPLES 


The 1947 code in Sec. 2357 provides that a 30-amp. 2-wire 
switch may not be used for more than two branch circuits, 
except by special permission. In any event the power com- 
pany supplying service, or the inspector, will be glad to give 
advice as to their practice in a given case. If an electric range 
or a water heater is involved, automatically the installation 
will have to be 3-wire. Except for very small installations, 
such as cottages, few 2-wire services are being installed 
today. 

Overcurrent Protection in Service Wires. — The Code pro- 
vides that each ungrounded service entrance wire must have 
overcurrent protection. The overcurrent protection in each 
ungrounded service wire may be omitted when six or less 
circuit breakers are used as explained on page 189. Likewise, 
it may be omitted when six or less branch-circuit fuses are 
used, with a separate unfused switch ahead of them and in the 
same cabinet. A typical combination of this kind is shown in 
Fig. 12-12. 

Determining Size of Service Entrance. — The size of service 
entrance wires and also the rating of the disconnecting means 
and the overcurrent device are all determined by methods 
outlined in the Code. Generally all these factors arc deter- 
mined by one set of calculations. 

Theoretical Considerations. — ^Assume that, in the home used 
as an example in the first part of this chapter, six circuits of 
15-amp. capacity each, plus perhaps a separate circuit for 
the oil-burner motor and one spare circuit, are to be installed. 
The conclusion might be reached that the service equipment 
must accordingly have a minimum capacity of 8 X 15, or 120 
amp. Since there is no service entrance switch rated between 
100 and 200 amp., it would then be necessary to use one of 
200-amp. rating. This is absolutely not necessary, for it is 
not likely that all eight circuits would ever be loaded to 
capacity at the same time. In a home with eight circuits, 
it is probable that several circuits will be entirely idle, several 
more only very lightly loaded, at a time when one or two 
circuits are loaded 'to somewhere near their limit. There- 
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fore the service entrance equipment need be only large enough 
to handle the largest probable total load at any given momerd. 
A reserve for a possible future load is desirable. 

Minimum Requirements. — If only a single circuit is involved, 
service entrance wires not smaller than the branch circuit 
wires, and in no case smaller than No. 12, may be used (Code 
Sec. 2304a), in which case a disconnect switch of 30 amp. 
capacity is used. The fuse or other overcurrent protection 
may not exceed the carrying capacity of the wire selected. 

In all other cases the service entrance wires must be No. 8 
or heavier. The overcurrent device, whether fuse or circuit 
breaker, may with one exception^ never be of a rating greater 
than the carrying capacity of the wire involved, determined 
from Tables 1 and 2 of the Code (see Appendix). 

A 30-amp. switch accommodates fuses up to 30 amp.; a 
60-amp. switch, fuses 35 to 60 amp.; a 100-amp. switch, 
fuses 65 to 100 amp. In each case fuses not greater than 
the carrying capacity of the service entrance wires should be 
used. 

As to the disconnecting means, a 2-pole 30-amp. switch is 
permitted only when there are only one or two circuits. 
Although the Code does not prohibit it, it is good practice to 
use a 3-pole 30-amp. switch only when not over four circuits 
are involved. Many power companies, as well as local ordi- 
nances, establish a 3-wire 60-amp. installation as the minimum. 
This is only sensible because, regardless of how few lights and 
appliances an owner may plan to use, inevitably the load grows 
until the 30-amp. installation becomes hopelessly inadequate, 
necessitating tearing out the original installation and replacing 
it with heavier equipment. This is expensive, tends to dis- 
courage the owner, and, in turn, may lead to overfusing and 
other dangerous practices. 

In calculating the various parts that make up the service 
entrance, it is best first to determine the rating of the entrance 
switch, before deciding upon the size of entrance wires to be 

^ Exception: If motors are served, with or without a lighting and 
appliance load, larger fuses are permitted (see Chap. 28). 
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used. For example the calculations for an installation may 
show that No. 4 wires are minimum, these having a carrying 
capacity of 70 amp. The nearest standard switch available 
has a 100-amp. rating. Use of this switch will then provide a 
reserve capacity of 30 amp., but it would never be possible to 
take advantage of it because the largest overcurrent device 
permissible is 70 amp., determined by the carrying capacity 
of the No. 4 wires. Accordingly it would be wise to use No. 2 
wires, which have a carrying capacity of 95 amp., thus per- 
mitting almost the full 100 amp. capacity of the switch to be 
used; the larger wire will also give less voltage drop. It is in 
no sense contrary to Code to protect a wire with an over- 
current device rated at less than the carrying capacity of the 
wire. 

Factors Involved. — To determine the size of entrance equip- 
ment, follow Sec. 2203 of the Code. The total load for a resi- 
dential project can be broken down into four groups: 

1. Lighting. 

2. Small appliance's. 

3. llangos. 

4. Motors. 

Lighting. — The starting 'point for arriving at the total watt- 
age that the service entrance equipment must carry is out- 
lined in Sec. 2203 of the Code: 2 watts per sciuare foot of area, 
the same figure used in determining the number of circuits. 

Appliances. — The Code includes in “small appliances such 
things as toasters, flatirons, and similar devices ordinarily used 
in kitchen, laundry, pantry, etc. To aflow for their use, add 
to the lighting wattage, as determined in the preceding para- 
graph, a minimum of 1,500 watts; this corresponds to the 
special 20-amp. circuit required by Sec. 2115b for such 
appliances. 

Fixed appliances such as water heaters, permanently 
installed bathroom heaters, and so on, must be added at their 
full wattage. Ranges will be covered in a separate paragraph. 

Demand Factor. — The larger the home, the less the likeli- 
hood that it will all be lighted at the same time. Considering 
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that fact, the requirement of 2 watts per square foot plus 

1.500 watts for appliances may be considered excessive for 
large homes, for if the computed totals were rigidly and arbi- 
trarily enforced, it would lead to unnecessarily heavy service 
equipment. 

Accordingly, the Code in Sec. 2203 establishes a “demand 
factor of 30 per cent for that portion of the wattage which 
exceeds 2,500 watts, computed as above outlined for lighting 
and small appliances (but excluding fixed appliances). If the 
computed total is 2,500 watts or less, count all of it. If it is 
over 2,500 watts, count only 30 per cent of the portion above 

2.500 watts. Examples will be given later in the chapter. 

It should be remembered that this demand factor applies 

only in determining the service entrance equipment and not in 
determining the number of circuits. The individual circuits 
must be so planned that any 'portion of the house can be lighted 
to the point which requires 2 watts per square foot, but 
there is no likelihood that the entire house will ever be lighted 
so that the full 2 watts per square foot will be required 
throughout. 

Range. — If a range is to be used, first determine the wattage 
that will be consumed if all the burners and the oven are 
turned on at the same time. This will vary considerably with 
the size, type, and brand of range involved and may be as 
high as 15,000 watts. Since it is not likely that all burners 
and the oven will ever be turned on at the same time, the Code, 
in Table 29, permits a demand factor of 80 per cent for an 
electric range. It would be better, however, to follow the 
fine-print recommendation of Code Sec. 2203d and assume that 
sooner or later a range with a maximum capacity of 12,000 
watts will be installed, and allow for it (on the assumption that 
not all burners and the oven will be turned on at the same 
time) an allowance of 8,000 watts, in accordance with Col. A 
of Table 29 of the Code (see Appendix). 

Motors. — The Code devotes considerable space to the proper 
installation of motors, and the subject is complex. For the 
purposes of calculating the service entrance equipment for 
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homes, allow the wattages shown below, and the Code require- 
ments will be more than met: 


H hp 450 watts 

}ihp 700 watts 

H hp 850 watts 

hp 1,000 watts 

^ihp 1 , 350 watts 

1 hp 1 , 500 watts 


The wattages shown above are considerably above the actual 
wattages consumed by the motors, but since alternating-cur- 
rent motors have relatively low power factors, the amperages 
are considerably more than merely watts/volts. Also, motors 
can be overloaded to deliver considerably above their name- 
plate horsepower and will then consume more than their rated 
amperage. 

If there are a number of motors but no likelihood that all 
will ever operate at the same time, estimate the proper demand 
factor. For example, if a home workshop is to have four 
motors, it is not likely that more than one will be used at a 
time. Count only the largest of them. 

Calculating a 2,000-sq. ft. House. — ^Assuming a house of 
2,000-sq. ft. area (determined in the same way as outlined for 
determining number of circuits), without a range and with no 
motors, the calculations will be as follows : 



Gross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 2,000 sq. ft. at 2 watts 

4,000 

1,500 

100 

30 

2,500 

900 

Small appliances (minimum) 

Total gross computed watts 

5,500 

First 2,500 watts 

Remaining 3,000 watts 


Total net computed watts 


3,400 




At 115 volts, 3,400 watts is equivalent to 3,400/115, or 29.6 
amp.; hence a 30-amp. switch is sufficient. It has already 
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been determined that this house requires three circuits, and 
Sec. 2357 prohibits a 2-pole 30-amp. switch when more than 
two circuits are involved. Accordingly a 3-pole switch must 
be used, which means that the service will be 115/230 volts. 
The amperage involved therefore will be 3,400/230, or 14.8 
amp. Since No. 14 wire has a carrying capacity of 15 amp., it 
would appear to be heavy enough. The Code, however, in 
Sec. 2305a, requires a minimum of No. 8 when more than one 
circuit is involved. Use No. 8, which has a carrying capacity 
of 40 amp. The main fuses will be 30 amp., the maximum the 
switch will accommodate. 

Circuit breakers are not generally available in 30-amp. rating 
but instead are rated at 15, 20, 25, 35, 50, and 70 amp. If a 
circuit breaker is used instead of a service switch, it will there- 
fore be one of not over 40-amp. rating, corresponding to the 
carrying capacity of the No. 8 vdre. More probable still, one 
would take advantage of the Code exception and omit the 
disconnecting means entirely, using a four-circuit circuit 
breaker of the type that was shown in Fig. 12-11. Better still, 
one would use wire larger than No. 8, such as No. 6 with 55 
amp. capacity, to provide a reserve for future loads. In that 
case one would use a 60-amp. switch (with fuses not over 
55-amp. rating), or if a circuit breaker is used, one of similar 
capacity; or one would install no main breaker at all but use 
instead a 4- or 6-circuit breaker panel, as was shown in Fig. 
12-11. 

Assume that an electric range of 7,500 watts maximum 
capacity is to be added to the same house and also a 1,650- watt 
bathroom heater. The calculation will be as shown at the 
top of page 198. 

Since the range is a 230- volt device, a 3- wire 1 15/230- volt 
service is automatically necessary. At 230 volts, the amper- 
age is 10,900/230, or 47.4 amp. Table 1 of the Code shows 
that No. 6 wire has a carrying capacity of 55 amp.; No. 4, 
70 amp. Therefore No. 6 is the smallest size that may be 
used, and the corresponding 60-amp. service switch is also 
used, with 65-amp. fuses. 
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Gross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 2,000 sq, ft. at 2 watts 

Small appliances (minimum) 

Total gross computed watts 

First 2,500 watts 

4,000 

1.500 

5.500 

100 

2.500 
900 

1.500 

Remaining 3,000 watts 

Bathroom heater 

1,500 

30 

100 

Range (maximum wattage) 

7,600 

80 

6,000 

Total net computed watts 

... 

10,900 


Assuming that there are still not over six circuits, including 
the special range circuit and the special heater circuit, again 
one of the circuit-breaker cabinets shown in Fig. 12-11 could be 
used, dispensing with the separate disconnecting means. 

Instead of figuring the range at 80 per cent of 7,500 watts, or 
6,000 watts net, it would be wise to figure the range at 8,000 
watts net, as recommended in Sec. 2203d. The previous 
calculation then becomes: 



dross 

com- 
! puted 
watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 2,000 sq. ft. at 2 watts 

Small appliances (minimum) 

Total gross computed watts 

4,000 

1.500 

5.500 


1 

First 2,500 watts 


100 

2,500 

900 

Remaining 3,000 watts 


30 

Bathroom heater 

Range (arbitrary minimum) 

Total net computed watts 

1,500 

100 

1,500 

8,000 

12,900 


At 230 volts, the amperage is 12,900/230, or 56 amp. 
Therefore, No. 6 wire with 55 amp. carrying capacity is too 
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small to pass as a minimum, and No. 4 with 70 amp. capacity 
must be used. The same 60-amp. service switch will be used, 
and since it will not accommodate fuses larger than the 
60-amp., that rating will be used, acceptable since the load is 
55 amp. It would be wiser however to install a 100-amp. 
switch with 70-amp. fuses to match the No. 4 wire, or to use 
No. 2 mre with 95 amp. capacity, then using 95-amp.^ fuses in 
the switch. 

Calculating a 4,400-sq. ft. House. — For the sake of practice, 
calculate these factors for a house having 4,400 sq. ft. If the 
size of the house is considered, it will probably be a pretentious 
home, so include not only a range but also a water heater con- 
suming 2,500 watts, as well as a Ji-hp. oil-burner motor for 
which an arV)itrary 700 watts will be allowed. Assuming that 
it is a suburban home with its own water system, allow a 
further 1 ,000 watts for a ^^-hp. water-pump motor. The cal- 
culation then will be as follows: 



Ciross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 4,400 sq. ft. at 2 watts 

8,800 

1,500 



Small appliances (minimum) 






Total gross computed watts 

First 2,500 watts 

10,300 

100 

! 2,500 
2,340 

1.500 

2.500 
8,000 

Remaining 7,800 watts 


30 

Bathroom heater 

1.500 

2.500 

100 

Water heater 

100 

Range (arbitrary minimum) 

i^-hp. oil-burner motor 

700 

100 

700 

J^-hp. water-pump motor 

1,000 

100 

1,000 


Total net computed watts 



18,540 





1 It would probably be difficult to locate 95-amp. fuses. Therefore 
one would follow Sec. 2403a of the Code which specifics that, when a 
calculation leads to a fuse size that is not standard, the next larger size 
may be used. In this case, 100-amp. fuses would be used. 
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At 230 volts, this is equivalent to 18,540/230, or 81 amp.; 
so a 100-amp. service switch will be used. According to 
Table 1 of the Code, No. 2 entrance mres may be used. These 
having a carrying capacity of 95 amp., 95-amp. fuses will be 
used. Number 0 wire with a capacity of 125 amp. would be 
better, providing some reserve capacity for future use. 

If circuit breakers are to be used in place of the fuses, for 
branch-circuit protection, a disconnecting means will still be 
required ahead of the breakers, because there are more than 
six circuits. This disconnecting means may be the same 100- 
amp. entrance switch already discussed, or a breaker rated at 
not more than the carrying capacity of the service entrance 
wires selected. 

Separate Meter for Water Heater. — It is necessary to install 
a separate meter for the water heater in some localities where a 
special rate for water heating is offered. In that case, the 
wires up to the meters would still be of the same size as deter- 
mined above, but at the meters they would branch out to two 
different disconnecting means, one for the heater and the other 
for the balance of the load. Accordingly, the wires from the 
first meter to the disconnecting means need be only large 
enough to carry the computed load, less the water-heater load. 
Deducting the 2,500 watts allowed for the water heater from 
the total computed load of 18,540 watts leaves a balance of 
16,040 watts, or 70 amp. According to Table 1 of the Code, 
No. 4 wire with a carrying capacity of 70 amp. may then be 
used, but there would be no real object in reducing the wire 
size because the service switch Avould still have to be of 100- 
amp. rating (the next smallest size is 60-amp.). 

From the second meter to the water-heater disconnecting 
means, the wire must have a carrying capacity of 2,500/230, 
or 10.9 amp. Since this is still part of the service entrance 
now serving but one circuit, No. 12 wire is the minimum per- 
mitted. Consider the requirement discussed in Chap. 5, that 
a tap, if it is not to be fused at the point where it branches off, 
must have a carrying capacity’' of at least one-third that of the 
wire off which it is tapped (in addition to other requirements 
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there set forth). If we assume that No. 2 wire with carrying 
capacity of 95 amp. was selected, the wire to the disconnecting 
means for the heater would require a capacity of at least 31.7 
amp., and No. 8 wire would be selected as the minimum. The 
disconnecting means for the water heater would be a 30-amp. 
switch. 

In some localities the rate for water heating is higher during 
the peak-load periods than during the off-peak periods. In 
that case the power company installs a time switch which 
throws the heater on one meter during part of the day and on 
the other during the balance of the day. Naturally, then, the 
main disconnecting means must be of sufficient size, as must 
the main overcurrent protection, to carry the full load includ- 
ing the heater. 

Grounding. — The details concerning grounding of service 
equipment will be covered in Chap. 17. * 

Service Entrance Cable. — In a 3-wire 115/230-volt instal- 
lation, 230- volt devices connected only to the two ‘^hot’’ wires 
impose no load whatever on the neutral wire. Such devices 
will operate just as well whether the neutral wire is installed or 
not. Therefore on a 3- wire installation, when both 115- volt 
devices and 230-volt devices are installed, the neutral wire 
carries a smaller amperage than the two hot wires. In such 
cases a neutral wire of a smaller amperage carrying capacity 
than the “hot^^ wires may be used. The size of this neutral is 
determined in the same way as was outlined for service 
entrance wires, except that in the calculation those devices 
which will be connected only to 230 volts are disregarded. In 
this connection, remember that, while a range is connected to 
230 volts, the neutral wire is also connected to it^ and most of 
the time the individual burners operate on 115 volts. Never- 
theless the neutral wire to the range never carries as many 
amperes as either of the two ^'hot'^ wires to the range can be 
made to carry by certain combinations of settings of the 
low-medium-high switches. This is why the neutral wire 
to a range is usually one size smaller than the ^^hof' 
wires. 
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For all these reasons, service entrance cable is usually made 
with the neutral conductor smaller than the insulated con- 
ductors, common combinations being: 

Two No. 6 insulated with one No. 8 bare 
Two No. 4 insulated with one No. 6 bare 
Two No. 2 insulated with one No. 4 bare 
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ADEQUACY 

An adequately wired home is one that has been wired in 
such fashion as to permit the occupant to secure a maximum 
of utility from the use of electricity, with a minimum of incon- 
venience. He must be able to plug in various floor and table 
lamps and radios without using extension cords, even when the 
arrangement of the furniture is changed. He must be able to 
plug in various appliances without unplugging others. He 
must be able to turn on the lights in any room without having 
to stumble through darkness to find a swdtch or pull chain. 
He must get the full utility out of appliances by having them 
heat quickly, without lights dimming when the appliances an^ 
turned on. Fuses must blow very rarely. 

Many homes are being wired with entirely too little thought 
about adecpiacy, even though today electricity is expected to 
provide 10 to 50 times as much light per room as in the early 
days of electric and is expected to run radios, vacuum cleaners, 
toasters, and many other devices that were not even thought of 
then. 

An inadequately wired home is like the automobile of 40 
years ago, w^hich furnished transportation but did not have 
such conveniences as spare tires, electric starters, a top, or a 
lighting system. Today nobody considers buying a car with- 
out all these things, which 40 years ago were luxuries but 
which today are considered essentials. Plan the wired home 
to include all those things which are today essentials. 

Factors in Adequate Wiring. — In order that a home may be 
adequately wired, careful attention must be paid to the fol- 
lowing details: 
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1. Service entrance of sufficient capacity. 

2. Wires of sufficient capacity throughout the home. 

3. Sufficient number of circuits. 

4. Receptable (plug-in) outlets in sufficient number. 

5. Lighting outlets in sufficient number. 

6. Lighting fixtures of scientific design. 

7. Wall switches in sufficient number for complete flexibility. 

8. Miscellaneous outlets and devices for signaling, radio, and so on, in 
proportion to the size and pretentiousness of the house. 

Service Entrance. — This general term includes all wires and 
equipment from the outside of the building up to and including 
the meter and the main switch. It must be of sufficient size 
so that the maximum load in use at one time will neither over- 
load the entrance TOres, causing excessive voltage drop and 
wasted electricity, nor blow fuses. Some provision must be 
made for future equipment that the owner is apt to install. 

Wire Sizes. — Remember that the Code specifies only mini- 
mum sizes. While No. 14 wire may generally speaking be 
used throughout the average installation, the trend is entirely 
toward No. 12 as a minimum. 

Circuits. — If all the lights in a home were protected by a 
single fuse, the entire house would be in darkness when the 
fuse blows. Accordingly, the outlets are subdivided into 
groups or circuits each protected by an individual fuse. The 
greater the number of circuits, the greater the flexibility, the 
less the danger of blowing fuses because it reduces the likeli- 
hood of overloading any one circuit, and the less the voltage 
drop, thus making for brighter lights. 

Receptacle Outlets. — Sufficient receptacle or plug-in outlets 
do away mth the need for extension cords, which arc unsightly, 
inconvenient, and dangerous, both from the standpoint of 
possible injury caused by tripping over them and from the 
standpoint of electrical hazard caused by fraying and short 
circuits. The Code in Sec. 2124b requires that 

Receptacle outlets shall be installed in every kitchen, dining room, 
breakfast room, living room, parbr, library, den, sunroom, recreation 
room and bedroom. One receptacle outlet shall be provided for 
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every 20 linear feet or major fraction thereof of the total (gross) 
distance around the room as measured horizontally along the wall 
at the floor line. The receptacle outlets shall, insofar as practicable, 
be spaced equal distances apart. At least one receptacle outlet shall 
be installed for the connection of laundry^ appliances. 

Because the appliances that consume the greatest amperages 
are commonly used in the kitchen, pantry, dining room, break- 
fast room, and laundry, the 1947 Code in Sec. 2115b requires 
that the receptacle outlets in those rooms be on a separate 
circuit, serving no other outlets of any description. This 
circuit must be wired with No. 12 wire and protected by 
20-amp. overcurrent protection, which reduces the likelihood 
of blown fuses and at the same time limits the voltage drop. 

Lighting Outlets. — Merely one outlet in the middle of the 
ceiling of each room is usually not sufficient in the average 
home. Careful attention should be paid to lighting outlets in 
miscellaneous locations. It costs very little to install lights in 
clothes closets, halls, porches, attics; this subject ^vill be 
treated at greater length later. 

Lighting Fixtures. — The selection of lighting fixtures is suf- 
ficiently important to warrant a separate chapter, which will 
follow this chapter. 

Wall Switches. — ^Lights that are controlled by a pull chain, 
or a similar switch on the fixture itself, are today inexcusable 
except, perhaps, in closets or other rooms so small that it is 
impossible to miss the cord or pull chain. Outside of this one 
exception, every light should be controlled by a wall switch. 

If there is only a single door leading into a room, the logical 
location for the switch is near the door. If, however, there 
are two entrances, it is equally logical that there should be a 
switch at each so that the light can be controlled from either 
point; in other words, use a pair of 3- way switches. Should 
there be three entrances, a switch at each of the three entrances 
is a touch of luxury that the owner will appreciate. In a house 

^ See p. 336 for details concerning special type of receptacle required 
by the 1947 Code for laundry room. 
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that has been really adequately wired, one will be able to enter 
by any entrance and to travel from basement to attic without 
ever being in darkness, yet without ever having to retrace one’s 
steps to turn off lights. 

Miscellaneous Outlets. — Every home will have a minimum 
of at least a doorbell system which will permit signaling from 
either front or back door. Frequently other signaling devices 
are used, such as a buzzer signal in the kitchen operated by a 
button at the dining-room table; in the more pretentious homes 
there may be annunciator systems between main living 
quarters and servants’ quarters. Special radio outlets will do 
away with loose wires. Pilot lights will be used at switches 
which control lights that cannot be seen from the location of 
the switch, to indicate whether the lights are on or not: 
common uses are in connection with basement, attic, or garage 
lights. Careful consideration of these details will make a home 
considerably more livable. 

Adequacy by Rooms. — Some rooms require a great deal 
more light than others. Likewise the need for receptacle out- 
lets is considerably greater in some rooms than others. Con- 
sider what is good practice in each room. 

Living Rooms. — Not many years ago bulbs larger than 100 
watts were not often used in floor lamps. Today 300- watt 
bulbs are common, and the use of the 500-watt size is perhaps 
not far off. This trend toward larger bulbs in floor lamps was 
responsible for a tendency to eliminj^te lighting fixtures entirely 
in living rooms. With white ceilings, floor lamps with large 
bulbs do produce very excellent lighting, but since these lamps 
must necessarily be used mostly in corners or at least in 
locations along the wall, they frequently leave dark spaces in 
the middle or the farther end of the room. They do not pro- 
vide enough general illumination. Therefore there is a well- 
merited trend back to ceiling fixtures in living rooms. Provide 
one ceiling outlet or, if it is a very large room, two outlets. 

Wall brackets may or may not be installed, in accordance 
with the owner’s taste. These brackets are primarily decora- 
tive, and seldom provide enough light to be of great value in 
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general lighting, although they may contribute greatly toward 
making the room more livable. In well-designed installations 
all the brackets will be controlled by one switch. 

In the living room more than in any other room, be generous 
with receptacle outlets. The Code ruling that there must be 
a receptacle for every 20 ft. of wall space is a minimum require- 
ment. Place outlets in such a way that a floor lamp can be 
used anywhere without using an extension cord. 

The ordinary duplex receptacle is so constructed that both 
halves are either on or off. The type in Fig. 13-1 is so con- 
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Fig 13-1 —In this moptade each half is independent of the othei In 
this way half of the outlet can be coiiti oiled by a wall switch, and the other 
lialf IS always on for permanently connected devices 


stiucted that one of the two outlets in each device is perma- 
nently live for clocks or radios, but the other is controlled by 
a wall switch. Instead of having to go around to turn off 
each floor lamp separately, the owner can control the entire 
group of lamps by a single wall switch. 

Outlets should be provided on mantels for use of clocks, 
mantel lamps, etc. A radio outlet which does away with loose 
aerial and ground wires should not be overlooked. 

In planning the switches for the living room be sure to use 
3-way and 4-way switches, so that the ceiling lights can be 
turned on or off both from the front entrance and from the 
other entrance to the room, and preferably from upstairs as 
well. 
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Sunroom, — Provide a ceiling outlet for a lighting hxture, 
with a wall switch and a generous supply of receptacle outlets 
for floor lamps, radio, or similar devices. 

Dining Room, — Be sure to provide a ceiling outlet for 
lighting fixture, controlled by 3- way switches located at 
both entrances to the room. Wall brackets are a matter of 
choice. Receptacle outlets should be provided, not less than 
two, preferably three, taking into special consideration the 
probable location of the furniture. Too many dining-room 
outlets are located where it is impossible to get at them for 
vacuum cleaners, fans, and table appliances. 

Kitchen. — So much of the houscwife^s time is spent in the 
kitchen and so much work done there that special attention 
should be given to this room. There are 
entirely too many kitchens in which many 
hundreds of dollars are spent for modern 
plumbing facilities, modern cabinets and ranges, 
yet the lighting is casually taken care of by a 
single ceiling light and perhaps one receptacle 
outlet. 

Of course, a ceiling fixture will be installed 
tor general illumination. Be sure it is controlled 
hy a wall switch, not a pull chain. Better yet, 
install 3-\vay switches so that it can be con- 
trolled from the back door as well as from 
the usual entrance to the kitchen. Provide a 
good light above the sink. Again this should 
be controlled by a wall switch, not so much 
from the standpoint of convenience as from the standpoint of 
safety. If there is a switch on the fixture, what is more likely 
than that the housewife will have one hand on the water faucet, 
and with the other hand turn on the light ? Should there be 
defect in the fixture, there might be a direct ground through 
the body to the faucet, the ideal conditions for a dangerous 
shock. For this reason too, fixtures in such locations should 
be made not of metal, but rather of porcelain or other insu- 
lating material. 
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Fig 13-2 
This clock- 
hangcr outlet 
supports the 
clock, and the 
cord on the 
clock IS con- 
cealed from 
view. 
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In the matter of receptacle outlets, be generous. Provide 
one in the probable location of the refrigerator. Install a 

clock hanger^’ outlet of the type shown in Fig. 13-2; this will 
support the clock and completely eliminate the unsightly cord. 
The modern kitchen will probably have a ventilating fan; 
hence locate an outlet for it at a point where the cord will be 
as short as possible. Then install a minimum of two outlets 
for general use. If there are built-in work tables, naturally 
the outlets should be located at convenient locations not too 
far above the surface of the tables. If tables are not built in, 
provide outlets at the probable locations of the work table and 
about 8 to 12 in. above the table surface. 

Pantry. — Install a ceiling light. If the pantry is very small, 
a pull-chain cord may be sufficient; a wall switch is decidedly 
more convenient. A receptacle outlet should be provided if 
the pantry is of substantial size. 

Breakfast Room. — A ceiling fixture controlled by a wall 
switch is necessary. A receptacle outlet at table height is 
practically an essential for operating a toaster or percolator. 

Porches. — If the porch is a simple stoop, a ceiling or wall 
light illuminating the floor and steps is sufficient. Illuminated 
house numbers are a touch the owner and his friends will 
appreciate. If the porch is larger, so that it is usJfi in summer 
as an outdoor living room, provide a number of receptacle 
outlets for radio or lamps. 

Bedrooms. — Every bedroom should be provided with a 
ceiling light controlled by a wall switch. In addition provide 
a minimum of two receptacle outlets, preferably three. One 
at least should be located where readily accessible for the 
vacuum cleaner. The other two should be located on opposite 
sides of the room and will serve bed lamps, electric heating pad, 
radio, and so on. Again special attention should be paid to 
the location of these outlets with regard to the probable 
location of the furniture, so that they may be readily accessible 
and yet not leave the cords to the lamps unduly prominent. 

Bathrooms. — For the same reasons as outlined in connection 
with the fixture over the sink in the kitchen, fixtures controlled 
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by pull chains or switches on the fixture should absolutely not he 
used in the bathroom. Use only wall switches; likewise such 
bathroom fixtures should not be made of metal. There should 
be a ceihng light for general illumination. However, such a 
ceiling light seldom provides enough light for shaving or 
make-up, and for that reason it is best to provide additional 
light near the mirror, in the form either of one light above the 
mirror or, preferably, one light on either side. Provide an out- 
let near the mirror for the electric razor. 

In general, the use of portable appliances in bathrooms is 

i to be emphatically discouraged. In bathrooms, 
the occupant of a tub or shower is in direct con- 
tact with the ground, the ideal condition for 
shock. In case of a defective appliance, the 
person already in contact with ground, touching 
such an appliance, can easily receive a fatal 
shock. As a matter of fact there are on record 
A^'o/switl dozens of fatal accidents each year, caused by 
of this typo people in bathrooms, especially while in tubs, 
eriightrwhTii touching a defective appliance, or letting some 
the door is appliance such as a heater or radio (even if not 

them^offwhen defective) drop into the tub. The same fatal 
the door is # result can be brought about by touching defec- 
olosed. cords, switches, or fixtures while at the 

same time touching a faucet or other grounded object. 

There is real need in the bathroom for a quick-action 
electric heater, but it should be one built into the wall and 
controlled by a wall switch, and not one controlled by plugging 
into an outlet. 

Closets. — It is most exasperating to grope around trying to 
find something in a dark closet. Provide a ceiling light; 
usually closets are so small that it is fairly easy to find the pull 
chain or string on the fixture. A de luxe installation will 
include an automatic door switch of the type shown in Fig. 
13-3, which automatically turns on the light in a closet or 
other room as tHe door is opened, turns it off as the door is 
closed. 
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The Code in Sec. 4116 prohibits drop cords in closets and 
requires that fixtures must be installed on the ceiling or on 
the wall above the door. This is a wise provision for drop 
cords too often come into contact with clothes, thus leading to 
fires. 

Basements. — First of all there should be a light that illu- 
minates the stairs^ controlled by a switch at the head of the 
stairs. If the switch is in the kitchen or some other point 
from which the light cannot be seen, install at the switch a 
pilot light which will always be on when the basement light is 



i Ut. 13-4 — Flush ceiling fixtuies are convenient when tlic ceiling is low. 

on. licyond this, the requirements vary, depending entiiely 
on how^ elaborate the basement is. 

If there is an all-purpose room w^hich might be anything 
from a children's playroom to a second living room, provide 
as good lighting as in the living room. Since the ceilings will 
probably be relatively low^, flush fixtures of the type shown in 
Fig. 13-4 may be considered. Naturally they will not provide 
illumination over as wide an area as the more conventional 
fixtures but do give most excellent light directly below^, espe- 
cially convenient for cards, iHiig-pong, and other games. Pro- 
vide receptacle outlets generously. Let the lights be controlled* 
by wall switches. 

Near the laundry tubs provide an outlet^ for washing 

1 See p. 336 for details concerning Code requirements for the laundry 
receptacle. 
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machine, iron, or similar appliances, locating it at a convenient 
height. Having it controlled by a wall switch will be an added 
touch. Since there will be ironing done at this point, a good 
ceiling light will be helpful. 

At other points in the basement, install ceiling lights as 
required. If there is a coal bin, certainly it should have a 
ceiling light. The storage room needs a 
ceiling light; surely one is needed near 
the furnace. Nearly every basement 
has at least a corner that becomes a 
workshop, and a good ceiling light is 

Steber Mfg. Co, eSSCntial. 

Fig. 13-5 .— a reflec- On all basement ceiling lights, espe- 

grLtly^^inoreaLs ^tho Ceiling is not plastered, it will 

amount of useful light be Well to install a reflector of the general 
obtained from the bulb, shown in Fig. 13-5. Use of these 

reflectors will greatly increase the amount of useful light; dark 
ceilings absorb light, reflectors throw the light downward 
where it is wanted. 

Halls. — A ceiling light controlled by wall switches will be 
necessary. This light should illuminate the stairway and 
should be controlled by 3- way switches so that it can be turned 
on from either upstairs or downstairs. Do not overlook a 
receptacle outlet in the hall for vacuum-cleaner use. 

Attics. — If the attic is used mostly for storage, a single light, 
so placed that the stairway is illuminated, will probably be 
sufficient. It must be controlled by a switch at the bottom 
of the stairs. If it is a larger attic, provide additional lights 
as required; they can be controlled by the same switch as the 
first one. 




CHAPTER 14 


GOOD LIGHTING 

Better light, better sight is the slogan of a merchandising 
campaign to sell better lighting equipment. It is a happy 
slogan for it expresses in four short words one of today’s evils 
and at the same time suggests the remedy. Better sight, of 
course, implies that eyesight on the average today is not all 
that is should be or might be, and better light is the answer. 

Extent of Defective Vision. — Broad surveys have shown that 
an amazing percentage of all people today have defective 
vision. One survey shows the percentage of defective vision 
to be: 

Under 20 years 23 per cent 

20 to 30 years 39 per cent 

30 to 40 years 48 per cent 

40 to 50 years 71 per cent 

50 to 60 years 82 per cent 

Over GO years 95 per cent 

Another survey shows that of all students in the elementary 
grades of school 9 per cent have defective vision, in high 
school 24 per cent, and in colleges the figure has risen to 31 
per cent. 

A different type of survey shows that the percentage of 
defective vision varies considerably by occupations. Those 
who work relatively little under artificial light, and those whose 
work is not of an exacting nature, suffer relatively little. For 
farmers and common laborers the proportion is under 20 per 
cent, while for carpenters and painters it has risen to between 
20 per cent and 40 per cent. For machinists and printers the 
figure is over 40 per cent, whereas for draftsmen and stenogra- 
phers it is over 80 per cent. 
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Of course, these figures by themselves do not prove that 
poor lighting is the cause of defective vision, but extensive 
experiment with many thousands of subjects has proved 
beyond doubt that proper lighting preserves healthy vision. 
Provide good lighting for all, and the percentage of defective 
vision will rapidly decrease. With better vision will come 
more personal comfort, for defective vision causes eyestrain 
and headaches; glasses are a nuisance and keep the wearer out 
of many kinds of more strenuous activities. With better 
vision will come higher efficiency, more accomplishment, more 
leisure With better vision will come greater safety for all, for 
defective vision and poor lighting play an important part in 
accidents. 

What Is Good Lighting? — In the early days of electrical 
lighting even one bulb hung in the center of a room was such 
an improvement over the ordinary kerosene lamp or even the 
gaslight then in use that apparently little time was spent in 
considering whether the new illuminant provided really suf- 
ficient light for good vision. This type of thinking persisted 
too long, and even today too little thought is given to providing 
good lighting. As a result, entirely too many homes and other 
buildings that are electrically lighted have not one-half or even 
one-quarter the illumination that is necessary for good 
seeing. 

This chapter will be devoted to a discussion of the funda- 
mentals of lighting, as well as the selection, installation, and 
use of lighting fixtures and the bulbs that go with them, in 
order to provide good lighting. Many volumes have been 
written on the subject, some of them covering but one single 
small aspect of the science, and on some points there is a good 
deal of disagreement among the authorities. The author 
does not flatter himself therefore that he can begin to cover 
the subject in a single chapter. He does propose, however, to 
set forth some of the fundamentals involved, together with 
what are today considered standards, so as to give some degree 
of working knowledge to the reader. 

Dozens of factors can be enumerated that go to make up a 
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good lighting system. The more important ones aro that the 
lighting system must 

1. Provide sufficient quantity of light. 

•2. Provide light free from glare. 

3. Provide light free from objectionable shadows. 

4. Provide the right kind of light. 

How Light Is Measured. — Inasmuch as the candle was the 
common method of illumination when this science was first 
studied, it is not surprising that standards sprang up based on 
candlelight, so that today there are such terms as '^candle 
power’' and ‘‘foot-candles.” Since a big caiidle naturally 
gives more light than a little candle, there developed a stand- 
ardized candle the definition of which, however, need not 
concern us here. 

Candle Power. — This term does not in any way measure the 
total amount of light emitted by the source, for the light may 
be brighter in one direction than another. The standardized 
candle mentioned in the previous paragraph emits 1 candle 
power of light in a particular direction; in other directions it 
may emit more or less than 1 candle power. Because of this, 
the term “candle power” is of relatively little value because 
direction must always be taken into consideration when the 
term is used. For this reason lamp bulbs are no longer rated 
in candle power. However, many times the term “candle 
power” is still used when the term “horizontal candle power” 
or “mean spherical candle power” is meant. 

Mean Spherical Candle Power. — If a source of light gives 
off 1 candle power in every direction, then it is said to have 1 
mean spherical candle power; if it gives off 10 candle power in 
every direction, then it has 10 mean spherical candle power. 
If it gives off 5 candle power in one direction, 10 in another, 
and 12 in a third, but averages 10 candle power, then it has 10 
mean spherical candle power. Automobile bulbs are still rated 
in candle power; the mean spherical candle power is meant, 
but this apparently is too long a term for ordinary commercial 
use, so that the words “mean spherical” are dropped but are 
usually implied. 
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Beam Candle Power. — When a reflector is placed behind a 
source of light, the emitted light rays which ordinarily go off 
in all directions are crowded into a relatively narrow beam. 
The brightness of this beam in candle power is called the 
'^apparent beam candle power.’^ For example, an ordinary 
automobile bulb of 21 candle power, if used in a good reflector, 
mil provide an apparent beam candle power of 100,000. This 
simply means that there is enough candle power within the 
beam to produce the same intensity of light at the point of 
observation as would be produced at that same point by a 
light source of 100,000 mean spherical candle power, without 
a reflector, when located at the position of the smaller bulb and 
reflector. 

Lumens. — The term '^candle power’’ measures only the light 
in a given direction, not the total amount of light emitted. 

The total quantity is measured in 
lumens. Assume a light source 
producing 1 candle power in every 
direction, located in the center of 
a sphere which is exactly 2 ft. in 
diameter. Assume that there is 
an opening in the sphere and that 
this opening is exactly 1 sq. ft. in 
area (see Fig. 14-1). The lumen 
is defined as the amount or quantity 
of light emitted through an opening 
of 1 sq. ft., located at a distance of 1 
ft. from a light source which emits 1 
candle power in every direction. 
Note that this opening must be part of a sphere; if the opening 
is a hole 12 in. square in a sheet of paper, there is no way of 
placing the paper so that every point is exactly 1 ft. from the 
light source. This definition is important; study it well. 

Simple geometry tells us that the total area of a sphere 2 ft. 
in diameter is 12.57 sq. ft. (47r • R^). Since by the definition 
above 1 lumen of light falls on each square foot of area in the 
sphere, the total light falling on the interior of the sphere must 



Fig. 14-1. — A bulb is in the 
exact center of a sphere which 
is 2 ft. in diameter. An open- 
ing of exactly 1 sq. ft. has been 
cut out of the sphere. 
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be 12.57 lumens. This was produced by a bulb of 1 mean 
spherical candle power. Therefore to find the lumens emitted 
by a bulb of which the mean spherical candle power is known, 
multiply by 12.57; if the lumens are known, divide by 12.57 to 
determine the mean spherical candle power. 

Law of Inverse Squares. — The candle pojver and lumens of 
a light source are absolute or constant; other circumstances 
being the same, they do not change. A candle produces the 
same amount of light when the observer is 2 ft. away from it 
as when he is 5 ft. away from it. Nevertheless it is much 
easier to read a newspaper 2 ft. distant from the candle than 
it is when 5 ft. distant. Assume again a bulb of exactly 1 



Fia. 14-2. — The illuriiiiiation on an object varies inversely as the square of its 
distance from the light source. 

mean spherical candle power enclosed in the 2-ft. sphere with 
an opening exactly 1 sc]. ft. in area. A newspaper placed at 
the opening will have 1 sq. ft. of print illuminated by the 1 
lumen of light escaping through the opening. Now move the 
newspaper so that it is located 1 ft. from the sphere or 2 ft. 
from the bulb. The 1 lumen of light that escapes through 
the opening will now illuminate an area 2 ft. on each side, 4 
sq. ft. altogether. Move it to 2 ft. from the sphere or 3 ft. 
from the bulb. The area illuminated will now be 3 ft. on each 
side, 9 sq. ft. altogether (see Fig. 14-2). 

The area illuminated was first 1 sq. ft., then 4, then 9, yet 
the total amount of light involved remained the same, 1 lumen. 
Obviously it will be harder to read at the 3-ft. distance than the 
1-ft. distance, because there is only one-ninth the illumination 
— the total amount of light has been spread 9 times as thin, if 
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we may use the expression. The illumivxition of a surface varies 
inversely as the square of the distance from the light source. This 
is known as the “law of inverse squares.^' If a light source 
gives satisfactory illumination for a given job when it is located 
at a distance of 5 ft., a bulb giving 4 times as many lumens 
will be required ifc the light source is moved to a distance of 
10 ft., other conditions remaining the same. To determine the 
relative amount of illumination, simply divide the square of 
one distance by the square of the other. For example, com- 
paring the relative illumination of an object 7 ft. from a light 
source as compared with one 4 ft. away, 

^ = 33 per cent (approx.). 

The absolute degree of illumination at any given point, 
without regard to the power of the source from which the 
light comes, is measured in foot-candles. 

Foot-candles. — The foot-candle is defined as the degree of 
illumination produced by a light source of one candle power 
on a surface exactly one foot distant from the light source. 
Remembering the 2-ft. sphere of earlier discussions, since 
every point on the inside is exactly 1 ft. from the light source 
of 1 candle power, it should be obvious that the surface will be 
uniformly illuminated to the extent of 1 foot-candle. 

Since this light source of 1 candle power emits a total of 
12.57 lumens of light and the 2-ft. sphere has an area of exactly 
12.57 sq. ft., it should be equally obvious that it requires 1 
lumen of light to produ(;e a uniform illumination of 1 foot- 
candle over an area of 1 sq. ft. This is a most important 
relation to bear in mind: one lumen of light per square foot 
produces illumination of one foot-candle. Likewise, 10 lumens 
per square foot produce 10 foot-candles; 100 lumens per square 
foot produce 100 foot-candles, and so on. 

One point that often is misunderstood is the fact that the 
illumination in foot-candles remains the same no matter what 
the distance from the light source, so long as the number of 
lumens of light falling on each square foot does not change. 
This at first glance appears to be a complete contradiction of 
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the law of inverse squares, but the following consideration 
should clarify it. Assume a reflector so perfect that it con- 
denses all the light produced by a bulb giving, say, 100 lumens 
into a narrow beam so that it illuminates a spot exactly 1 sq, ft 
in area on a sheet of paper 10 ft. from the bulb. The illumi- 
nation on the spot will then be 100 foot-candles. If now the 
sheet of paper is moved to a point 20 ft. away, the beam will 
illuminate a spot 4 sq. ft. in area, and the illumination will be 
only 25 foot-candles. If, however, a different reflector is then 
substituted, producing a much narrower beam, so that at the 
new 20-ft. distance the entire 100 lumens will again illuminate 
a spot only 1 sq. ft. in area, the illumination on the spot will 
again be 100 foot-candles. So long as all the light produced 
by a source delivering 1 lumen falls on an area of 1 sq. ft., 
that area is illuminated to 1 foot-candle no matter what the 
distance. It is impossible in practice to concentrate light to 
this degree, for reflectors are not perfect, absorbing some light 
and allowing some also to spill in various directions. As a 
starting point, however, the relation can be considered correct. 
It is a most important rule, and most of this chapter up to 
this point has been written to help in a clear understanding of 
this fundamental: 1 lumen of light on 1 sq, ft, of area produces 
1 foot-candle. 

To illustrate the utility of this rule, assume that an area 12 
by 12 ft. is to be lighted to 15 foot-candles. Since the total 
area is 144 ft., it will recpiire 144 lumens to provide 1 foot- 
candle. Fifteen foot-candles will require 144 X *15, or 2,160 
lumens. 

The approximate lumens produced by general-purpose bulbs 
today are 


Watts 

Lumens 

Watts 

Lumens 

16 

140 

150 

2,600 

25 

<1260 

200 

3,650 

40 

465 

300 

5,900 

60 

835 

500 

10,000 

75 

1,100 

750 

14,500 

100 

1,680 

1,000 

20,700 
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A 150-watt bulb delivering 2,600 lumens should therefore 
produce about 18 foot-candles, if all the light produced by the 
bulb could be directed to the floor, and none allowed to fall 
on the ceiling or the walls. This is entirely a theoretical 
figure; the actual foot-candles attained depend altogether on 
additional factors such as the reflector used with the bulb, the 
leflectmg ability of ceilings and walls, the type of fixture used, 
and other factors which will be discussed later. 

Note that brightness and foot-candles of illumination are 
not the same. A black sheet of paper illuminated to 10 foot- 


ifghf^serfSft^ cell 



General Elec Co, 

Fig. 14-3. — This little instrument leads foot-candles of illuiniuation diiectly 

on its scale 

candles will not seem so bright as a white one illuminated to 
5 foot-candles, because the white paper r( fleets a goodly portion 
of the light falling upon it, while the black absorbs most of it. 

A Few Yardsticks. — To provide some starting point of 
known values in foot-candles, bright sunlight on a clear day 
varies from 6,000 to 10,000 foot-candles. In the shade of a 
tree on the same day there will be somewhere in the neighbor- 
hood of 1,000 foot-candles. On the sam^ day the light coming 
into a window on the shady side of a building will be of the 
order of 100 foot-candles, while 10 ft. back it will have dropped 
to something between 7 and 15 foot-candles. At a point 4 ft. 
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directly below a 100-watt bulb without a reflector, and backed 
by a black ceiling and walls which have negligible reflecting 
power, there will be approximately 8 foot-candles. 

Measurement of Foot-candles. — Candle power and lumens 
are not measurable in a simple fashion. Fortunately foot- 
candles can be measured as easily as reading a voltmeter. In 
Fig. 14-3 is shown a direct-reading foot-candlemeter, com- 
monly known as a light-meter.^^ Simply set the instrument 
at the pgint where the illumination is to be measured, and the 
foot-candles are read directly on the scale. The device consists 
of a photoelectric cell which is a device that generates electric- 
ity when light falls upon it. The indicating meter is simply a 
microammetcr,^ which measures the current generated, the 
scale being calibrated to read* in foot-candles. The use of this 
instrument is invaluable, especially in commercial work, as it 
takes the guesswork out of many lighting problems. 

Foot-candles Required for Various Jobs. — It must be 
remembered that there can be no absolute standard. First of 
all, the requirements for different individuals vary. Further- 
more, what was considered adequate yesterday is insufficient 
today; what we by compromise accept today will be considered 
entirely too little tomorrow. Accordingly, all that can be 
given are the commonly accepted standards of today. The 
more critical the task, the higher the level of illumination 
required. The more prolonged the task, the greater the 
amount of light needed; for example, it is quite easy to read a 
paragraph of a newspaper in the relatively poor light of the 
dusk of evening, but almost impossible to read an entire page. 
Today’s standards are set forth in admirable fashion in The 
Science of Seeing,” by Luckiesh and Moss, from which 
volume the following table is quoted: 

Conservatiye Footcandle Recommendation on a Rational Basis 
of Characteristics of the Visual Task and Requirements of 
Performance 

100 Footcandles or More , — For very severe and prolonged tasks, 
such as fine needlework, fine engraving, fine penwork, fine assembly, 

1 A microampere is one millionth of one ampere. 
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sewing on dark goods and discrimination of fine details of low con- 
trast, as in inspection. 

50 to 100 Footcandles. — For severe and prolonged tasks, such as 
proofreading, drafting, difficult reading, watch repairing, fine 
machine-work, average sewing and other needlework. 

20 to 50 Footcandles, — For moderately critical and prolonged tasks, 
such as clerical work, ordinary reading, common benchwork and 
average sewing and other needlework on light goods. 

10 to 20 Footcandles, — For moderate and prolonged tasks of office 
and factory and when not prolonged, ordinary reading and sewing 
on light goods. 

5 ^0 10 Footcandles. — ^For visually controlled work in which seeing 
is important, but more or less interrupted or casual, and does not 
involve discrimination of fine details or low contrasts. 

0 /o 5 Footcandles. — The danger zone for severe visual tasks and 
for quick and certain seeing. Satisfactory for perceiving largci* 
objects and for casual reading. 

Will these values be considered correct 10 years from today? 
Undoubtedly they will not. - Yet illumination levels as high 
as those recommended above are today more often the excep- 
tion than the rule; few installations meet the figures suggested. 

Glare. — Because so much space has been devoted to the 
amount or degree of illumination, do not for a moment think 
that this is the one all-important factor in good lighting. It 
is only one of four factors. Another important factor is that 
the light must be free from glare. 

Glare, generally speaking, is caused by a relatively bright 
area within an area illuminated to a lower level. An exposed 
bulb in the lobby of a movie is not particularly noticeable 
when entering because the eyes are accustomed to the outdoor- 
brightness; upon leaving, after the eyes are accustomed to the 
relatively dark interior, the bulb will appear very bright, will 
glare and hurt the eyes. Similarly a lighted automobile head- 
light is barely noticeable in daylight but may be blinding at 
night. Harrison and Staley in their pamphlet ^^Fundamentals 
of Illumination^^ (from which many of the illustrations of this 
chapter have been borrowed) define glare as ^'any brightnesss 
within the field of vision of such a character as to cause 
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annoyance, discomfort, interference with vision, or eye 
fatigue/^ 

Glare is usually caused by exposed bulbs so placed that they 
can be seen while we look at the object we primarily want to 
see; the bulb may not be directly visible, but, even if it is so 



General Elec. Co, 

Fia. 14-4. — Exposed bulbs cast harsh shadows and cause extreme glare. 
Efficient work is not possible with such lighting. 

placed that it can be seen by merely moving the eyes without 
moving the head, it still produces glare. Bright automobile 
headlights constitute a good example of this type of glare, 
while lighting of the type shown in Fig. 14-4 is equally bad. 

Glare of an equally objectionable type may be caused by 
reflection, for example from glass tops on desks. Glass is a 
good reflector, and the reflected image of a bulb may appear 
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almost as bright as the bulb itself. For this reason glass tops 
are rapidly disappearing from the desks of executives. Like- 
wise less and less highly polished and plated parts are being 
used on typewriters, office machinery, and other devices 
because manufacturers have learned that glare causes the 
evils recounted above, with resultant lower efficiency. For 
this reason, too, printers have learned to avoid papers that 
are extremely glossy, reflecting too much light (see the 
examples shown in Fig. 14-5). 



General Elec. Co, 

1 iG. 14-5. — Glass desk tops and glossy paper are both frequent source s ol 

glare 

How to Avoid Glare in Lighting. — Everyone has tried read- 
ing in direct sunlight and found it difficult. Even in the early 
morning, reading in the diioct rays of the sun is not comfort- 
able. On the other hand it is not difficult to read in the shade 
of a tree on a bright day, even if there the foot-candles are 
higher than in the direct sunlight of early morning. Therefore 
the answer cannot lie only in the foot-candles of illumination 
prevailing at any given moment. 

The answer does lie in the fact that direct sunlight comes 
essentially from a single point, the sun, and causes glare. In 
the shade of a tree the light comes from no point in particular 
but rather comes from every direction — north, south, east, west. 
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and from above. Not coming from one point, it does not cause 
harsh shadows or glare. It is diffused light 

In lighting a home or office, the more the lighting can be 
made to duplicate the conditions of the shade of a tree, the 
better the lighting will be. Perhaps someday in the future 
there may be a way of having all the walls and ceilings of 
rooms give off light of low intensity but sufficient total volume 
to eliminate the need for lighting fixtures. Until that time 
such fixtures as are available must serve the purpose. 



General Elec Co, 

1 iG 14-6 — The pupil of the cj e adapts itself to vaiious levels of illumination. 

The lower the level of illumination, the wider it opens. 

Surface Brightness. — In looking at an exposed 300-watt 
bulb of the clear-glass type, one sees a concentrated filament 
not much over an inch in diameter. The bulb itself is a little 
over 4 in. in diameter but because the filament is so bright, 
thc^lass bulb itself is almost invisible. That is why most 
bulbs today are frosted — the f}14ment is not seen, but rather 
the entire bulb. Since the bulb has a diameter of about 4 in , 
there is exposed to the eye an apparent area equivalent to the 
area of a circle of the same diameter, or about 12^^ sq. in. 
The same total amount of light, which in the case of the clear- 
glass bulb was concentrated in an area of about 1 sq. in., is 
now distributed over a much larger area of about 12^ 2 sq. in. 
Obviously then, while the total amount of light is the same, the 
brightness of the larger area is greatly reduced — the surface 
brightness is lower. It is still uncomfortably bright if looked 
at directly. 

Put the bulb inside a globe of translucent, nontransparent 
glass about 8 in. in diameter; this has an apparent area of 
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about 50 sq. in. altogether, instead of the 123^ sq. in. observed 
before. The total amount of light is still the same, but it is 
far more comfortable to the eye because the surface brightness 
of the light source has been reduced still more. For this 
reason the bulb size should always be matched up with the 
manufacturer’s recommendations with respect to the enclosing 
globe of the fixture. It is impossible to lay down any hard 
and fast rule because so much depends on the shape of the 
glass globe, the density of the glass involved, and similar 
factors, but, in a rather general way, the following table is 
correct: 

With 100-watt bulb, use glass globe not less than 8 in. diameter 
' With 200-watt bulb, use glass globe not less than 14 in. diameter 
With 300-watt bulb, use glass globe not less than 16 in. diameter 
With 500-watt bulb, use glass globe not less than 18 in. diameter 

Direct, Indirect, and Semi-indirect Lighting. — ^Light pro- 
duced by bulbs so placed that they can be seen is termed 



Fig. 14-7. — Fixtures with exposed bulbs may provide enough light but never 
provide good illumination. It is impossible to eliminate glare and harsh 
shadows when such fixtures are used. 


^'direct lighting.” Light produced by bulbs in fixtures so 
designed that all the light is first thrown on the ceiling and 
then reflected back to the area below is termed indirect 
lighting.” If the fixture is so designed that part of the light 
is thrown to the ceiling and then reflected, allowing part of it 
to fall directly on the area underneath, through glass or plastic 
bowls, it is termed ‘‘semi-indirect lighting.” Usually this 
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term is applied only where upward of 60 per cent of the light 
is indirect. 

Direct Lighting. — Direct lighting in a home usually consists 
of fixtures with exposed bulbs, of the type shown in Fig. 14-7. 
The only point in their favor is that they are inexpensive as to 
first cost. Using five bulbs, such fixtures are inefficient 
because smaller bulbs produce fewer lumens per waft than large 
ones; one 100- watt bulb produces more lumens than six 
25-watt. Worst of all, because the 
light comes from one point, they 
produce glare and do not give the 
diffused shade-of-a-tree type of light 
that is so easy on the eyes. Another 
type of direct lighting may be the 




Fig. 14-8. — Fixtures of 
this type may be accept- 
able in a few locations 
where good lighting is not 
necessary. 





Markd Elec. Products, 

Fig. 14-9. — In an indirect 
fixture the light is first 
thrown to the ceiling, where 
it is diffused in being 
reflected. 


single exposed bulb in a simple holder of the type shown in 
Fig. 14-8. This may justifiably be used in attics, basements, 
and other little-used areas. There may be times when the 
lighting fixture is selected more for its decorative value than 
as a light-producing means, in which case that factor should 
be considered first. The use of a beautiful crystal chandelier 
in a dining room may be entirely justified, especially since it 
undoubtedly provides much more light than the wax candles 
in vogue at the moment. 
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Indirect Lighting. — Totally indirect lighting fixtures, of 
which an example is shown in Fig. 14-9, are today relatively 
seldom used in homes. For commercial and industrial 
applications they are common, and more will be said about 
them in a later chapter. 

Semi-indirect Lighting. — This type of lighting is couKsidered 
by many authorities as the ideal lighting for homes. Fixtures 
in this classification take many forms. The simplest is per- 
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Fig. 14-10 — A semi-indirect kitchen light. About half of the light is 
thrown upward against the ceiling; the other half is well-diffused direct 
light. 

haps the ^'kitchen unit’^ of Fig. 14-10. The bulb is shielded 
from direct view. Some of the light goes downward through 
the glass and provides direct light but a goodly part of it 
goes upward, strikes the ceiling, and is reflected downward. 
Another part strikes the walls and is reflected back into the 
room. The light to a limited extent simulates the shade-of- 
the-tree condition. 

Another type is shown in Fig. 14-11, where again the bulbs 
are concealed from direct view'. A portion of the light never- 
theless goes directly downward, leaving no dark spot under- 
neath. The bulbs being farther down from the ceiling than in 



GOOD LIGHTING 


229 


the “kitchen unit” style, the light strikes the ceiling at a 
sharper angle and thus provides better diffusion, still fiurther 



Markd Elec, Prod%uti, 

Fig. 14-11. — A semi-indirect fixture which is popular. The bulbs aie con- 
cealed from direct view. 


approaching the shade-of-a-tree ideal. This type of fixture 
does have the objection that it uses five bulbs, with conse- 
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quent relative inefficiency. Nevertheless it is a fair compro- 
mise for those who seek both good lighting and conventional 
appearance. 

From a strictly lighting viewpoint units of the type shown 
in Fig. 14-12 are the best. From an appearance standpoint 
they fall in line with the modern trend. Using single bulbs, 
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Fig 14-12 — Two more examples of semi-mdiiect lighting In the fixture 
at the left, the entire shade is translucent plastic mateiial with low surface 
brightness In the fixture at the right, the entire shade is of metal except 
the bottom < Louveis around the metal shade give the illusion of light emerg- 
ing from the entire shade 

they give more lumens per watt than fixtures with a number 
of bulbs In this type of fixture perhaps a third of the light 
goes downward through the plastic or glass shade; it is diffused 
as it goes through, so that in a wdl-designed unit there are 
no bright spots on the shade to cause glare. Instead of 
coming from a single point or five points, the direct light 
appears to come from one relatively large area: either the 
entire shade, if it happens to be of the plastic variety, or a 
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large portion of the shade, if it is a combination metal-glass 
shade. Most of the light, however, is reflected to the ceiling, 
thence throughout the room in well-diffused fashion, approach- 
ing closely the desired shade-of-a-tree type of illumination. 
This ty^e of fixture comes in a great variety of stales, and 
undoubtedly its popularity will grow rapidly. Figure 14-13 in 
a broad way illustrates why the light seems to fill a room 
rather than to come from one point. Note the path of indi- 
vidual rays of light: the solid lines show what their paths 



ViG. 14-13. — This diagram illustrates how light becomes diffused as it is le- 
flected from ceiling and walls. 

would be if the ceilings and walls were absolutely smooth like 
a mirror. While a plaster wall may seem smooth, it will, 
if viewed under a microscope of even low power, be found to 
be uneven, full of hills and dales. Therefore the rays, as they 
strike any one point, strike these hills and dales and are 
reflected in a variety of directions, so that what would other- 
wise be individual rays split up into a multitude of rays, in all 
directions (as shown in the dotted lines) giving truly diffused 
light. 

The objection that is most frequently heard in connection 
with indirect or semi-indirect lighting is that ‘‘it takes too 
many watts.’’ Indeed it does take more watts to produce any 
given foot-candle illumination below the fixture with an indi- 
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rect or semi-indirect type than with a direct-lighting type, but 
several points must be remembered. First of all the indirect 
and semi-indirect, generally speaking, illuminate an entire 
room, especially the more remote areas, with a higher level 
of illumination than is provided by the direct-lighting type of 
fixture. Moreover, if the light is well diffused, approaching 
the shade-of-a-tree type, fewer foot-candles are required for 
comfortable seeing than if the fight comes from one point, a 
direct-lighting style of fixture. The higher efficiency of a 
single bulb as compared with a number of smaller bulbs must 
not be overlooked. 

Reflection. — If the ceiling and walls of the room in which 
such a semi-indirect fixture is used were mirrors, obviously a 
very great percentage of the fight striking the ceiling and walls 
would be reflected downward. However, there would be direct 
reflections of the bulb, and the glare would be as bad as with 
an exposed bulb. On the other hand, if the ceiling was black, 
most of the fight would be absorbed and little reflected, and 
the fighting would be inefficient indeed. Accordingly, for best 
results, the ceiling and walls should be a color that reflects as 
much fight as possible, and at the same time the finish should 
be dull or flat rather than glossy, so as to avoid the mirror 
effect, Avith bright spots producing glare. 

Experiment has shown that various colors of paint reflect 
fight in various degrees, the percentages reflected bein'!; of the 
order of the following: 


White 

Ivory 

Cream 

Buff 

Gray 

Light blue. . 
Light green 
Dark green. 

Red 

Dark blue . . 

Brown 

Black 


80 

to 

85 

per 

cent 

70 

to 

80 

per 

cent 

65 

to 

75 

per 

cent 

55 

to 

65 

per 

cent 

35 

to 

50 

per 

cent 

35 

to 

50 

per 

cent 

30 

to 

40 

per 

cent 

15 

to 

25 

per 

cent 

15 

to 

25 

per 

cent 

10 

to 

20 

per 

cent 

8 

to 

12 

per 

cent 

2 

to 

5 

per 

cent 
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Woods in natural finish seldom reflect over 60 per cent, and 
the darker woods may fall as low as 15 per cent. It should 
be evident therefore that the choice between direct, semi- 
indirect, and indirect lighting will be greatly dependent on 
the color and finish of the ceiling and, to a lesser degree, the 
walls. 

Shadows. — ^When we read in direct sunlight, the extreme 
glare makes reading uncomfortable. Moreover, the reader’s 
own shadow on the reading material is extremely sharp; the 
contrast between bright light and sharp shadow is most 
annoying and tiring. In the shade of a tree the foot-candle 
level is much lower, but reading is more comfortable: the light 
is diffused; shadows are soft and not objectionable. Two 
sources of light, for example a floor lamp and an overhead 
fixture, lead to greater comfort in reading. An indirect or 
semi-indirect fixture or lamp gives diffused light, light that 
seems to come from many points, as in the shade of a tree. 

Color of Light. — Sunlight has come to be accepted by most 
people as a standard. Unfortunately it is not possible to 
duplicate sunlight in either quantity or color in the bulbs and 
fixtures available for home or ordinary commercial use. It 
may seem strange to speak of the ^Volor” of sunlight, which 
appears colorless, yet sunlight is composed of a mixture of all 
colors. The rainbow is simply a breaking down of sunlight 
into its separate colors. 

What makes one object red and another object blue when 
this mixture of all colors which we call sunlight hits these 
objects? The explanation is simple. When ^Svhite” light 
strikes certain objects, the component colors are all reflected 
equally, and we call such objects white. When w^hite light 
hits other objects, the light instead of being reflected is 
absorbed, and we see no light; we then say that such objects 
are black. 

Still different objects may absorb some of the colors of the 
spectrum, reflect the others. For example, they may absorb 
all except the red, and reflect that. We then see only the 
red part, so we say such objects are red. So with every 
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other color: whatever the color of the object, that is the color 
that the object can reflect; all the other colors are absorbed 
and destroyed. 

Ordinary bulbs produce light which has more orange and 
red, but less blue and green, than sunlight. It is not sur- 
prising that attempts are made to duplicate natural light; of 
these, daylight-blue bulbs are the most common. These bulbs 
have a special blue glass which absorbs some colors so that the 
light remaining is more nearly of the same composition as 
natural light. Bulbs of this type are helpful in work that 
involves discriminating between colors and similar tasks. 

For home use the daylight-blue bulb is the only type of 
color-correcting lighting that is available. For industrial use 
other types are available, and these will be dealt with in 
another chapter. 

v/Lamp Bulbs. — ^The life of most lamp bulbs is about 1,000 
hours. It is a simple matter to make bulbs that last longer, 
but in so doing, the efficiency is reduced, that is, the bulb 
will produce less light, fewer lumens per watt. A 100-watt 
bulb, costing 15 cts., uses 100 kw.-hr. of energy during its 
normal life. At 5 cts. per kilowatt-hour the cost of the energy 
is therefore $5, as compared with the 15-ct. cost of the bulb 
itself. If then, to secure longer life in a 15-ct. bulb, we reduce 
the efficiency, an extra dollar may be spent for energy to pro- 
duce the same amount of light, obviously an expensive 
scheme. 

Where no great amount of light is needed and the bulb 
serves merely as a signal, for example in pilot lights, the bulb 
may be designed to last 2,000 hr. or more; on the other hand, 
where a great deal of light is needed and where it is important 
to limit the heat, for example in bulbs for movie projectors, 
the bulb may be designed for a relatively short life but with 
corresponding increase in efficiency, thus permitting smaller 
wattage bulbs producing less heat to be used. For example, 
a 1,000-hr. 1,000-watt bulb produces about 20.7 lumens per 
watt, but a 50-hr. bulb of the same wattage produces about 
27 lumens per watt, while a Photoflood bulb of the same 
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approximate wattage but only lO-hr. life produces roughly 34 
lumens per watt. 

/ Voltage of Lamp Bulbs. — If a lamp bulb is operated at a 
voltage below that for which it was designed, its life is pro- 
longed considerably, but the watts, the lumens, and the lumens 
per watt drop off rapidly. If it is operated at a voltage above 
normal, its life is greatly reduced, although the watts, the 
lumens, and the lumens per watt increase. For lowest over-all 
cost of illumination use bulbs on the voltage for which they 
were designed. Careful study of the following table based on 
a 100-watt bulb designed for 115 volts will confirm this: 


Actual voltage 
of circuit, volts 

Total average 
life, hours 

Total lumens 
output 

Actual 

watts 

Lumens 
per watt 

100 

3,900 

980 

81 

12.1 

105 

2,600 

1,115 

87 

13.3 

no 

1,650 

1,358 

93 

14.6 

116 

1,000 

1,580 

100 

16.8 

120 

600 

1,815 

107 

16.8 

125 

360 

2,075 

114 

18 2 

130 

220 

2,370 

121 

19.6 


Occasionally there ^vill be applications where it is entirely 
in order to use bulbs on a voltage considerably above that for 
which they w ere designed. There may be conditions when a 
great deal of light is needed but only for short periods, for 
example in temporary floodlights for athletic fields. By using 
115-volt bulbs on a 130- volt circuit (or 105-volt bulbs on a 
120-volt circuit), the amount of light secured per watt is 
increased by about 25 per cent. The fact that the bulbs will 
only last about 220 hr. instead of 1,000 is immaterial when 
weighed against the extra cost of larger reflectors, floodlights, 
larger temporary power lines, to accommodate the larger bulbs. 
If bulbs are located where it is extremely difficult to change 
them, it may be wise to burn them at less than their rated 
voltage in order to prolong their life. 
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All bulbs blacken in use, causing their efficiency to drop off 
toward the end of their life. When the bulbs have burned 
70 per cent of their normal life, the efficiency has usually 
dropped 5 to 15 per cent. Because of this, many commercial 
establishments make it a practice to replace bulbs after a 
predetermined number of hours’ use, even if not burned out. 



Cande\ahra Intermediate 
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Medium Mogul 

F iG. 14-14. — The scrcw-sholl bases used on lamp bulbs are standardized to the 
dimensions shown. 

ases. — There are various standardized sizes of bases in use, 
matched to the power and size of the bulb. In the screw- 
shell type the largest is the mogul, used mostly on bulbs from 
300 watts upward; its dimensions are shown in Fig. 14-14, 
together with dimensions of other standard bases. The 
medium is usual for ordinary household bulbs. Smaller bulbs 
use the intermediate and candelabra. Flashlight and similar 
bulbs use the miniature, which is still smaller. 
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Another base used on higher wattage bulbs is the bipost 
of Fig. 14-15. The prefocus base of 
Fig. 14-16 is used mostly on projec- 
tion bulbs and serves to maintain 
the bulb in one particular position 
so as to give maximum light in one 
direction. Both of these types are 
available in two sizes: medium and 


FT 

General Elec. Co. 



Fig. 14-15.— 
The bipost 


General Elec. 
Co. 

Fig. 14-16. 
The p r e - 


mogul. A three-light bulb is merely ^^cus base is 

" 1 „ . , j. ni i becoming used on bulbs 

a bulb with, two separate liiaments, common on for projection 

say 100 watts and 200 watts, with a j^ajger wattage purposes. 

special base so arranged that either 

filament separately or both at the same time may be used, 



Gammon lead 
to shell 


A Lower wattage 
filament lead 
connected to 
ring contact 


filament leaa 
connected to 
center contact 



CND VIEW OF BASE 


General Elec. Cfu 


Fig 14-17. — Construction of 3-light bulb. 


producing 100, 200, or 300 watts, as desired. The construc- 
tion is shown in Fig. 14-17. 
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Bulb Designations. — The mechanical size and shape of a 
bulb are designated by standardized abbreviations such as 
A-19, PS-35, and F-15. The letter designates the shape of the 
bulb in accordance with the shapes shown in Fig. 14-18. The 
numeral designates the diameter in eighths of an inch. Thus 
an A-19 bulb has the simple A shape and is or 2 % in. in 
diameter. 







PS 

General Elec. Co, 


Fig. 14-18. — The shape of lamp bulbs is well standardized. 


Lumiline Bulbs. — A type of bulb which is now in common 
use is the Lumiline type shown in Fig. 14-19. Instead of 
having a base with two contacts at one end, it has a single 
contact cap at each end, with a continuous filament from end to 
end. This makes the bulb usable only in a fixture designed 
for the purpose, for example that shown in Fig. 14-20. 
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Efficiency of Various Sizes of Bulbs* — ^Larger bulbs produce 
more light 'per wattj so that, generally speaking, when there is a 
choice, it is desirable to use one large bulb rather than several 



I 



General Elcc Co 

Fig 14-19 — 
The Lurniline 
bulb has a con- 
tact at each end 



Mai kel Elec 
Products 

Fig 14-20 
I ixture de- 
signed for 
L u m 1 1 1 n e 
bulb 


smaller ones. Study the table on page 240, which is based 
on general-purpose bulbs of present manufacture 
Study of this table will show that one 150- watt bulb gives as 
much light as 10 of the 25-watt size; one 500-watt bulb gives 
almost as much light as 7 of the 100-watt size. 
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Size of bulb, 
watts 

Total lumens 

Lumens per watt 

25 

260 

10.4 

40 

464 

11.6 

60 

834 

13.9 

75 

1,103 

14.7 

100 

1,580 

15.8 

150 

2,610 

17.4 

200 

3,640 

18.2 

300 

5,910 

19.7 

500 

10,050 

20.1 


Efficiency of Various Colors of Bulbs. — There is no apprecia- 
ble difference in efficiency between a bulb of the clear-glass 
type and one of the inside-frosted type. However, if the bulb 
is colored to produce colored light, the efficiency drops very 
fast. Even the popular flaraetint bulbs are very low in 
efficiency. Colored bulbs should seldom be considered except 
for their decorative value. The coloring material simply 
absorbs most of the light produced by the bulb; only that 
portion which matches the color of the bulb is transmitted. 

Fluorescent Lighting. — This form of lighting is relatively 
new, having been introduced commercially in 1938. The 
fluorescent installation is a familiar object to all, but few 
understand its method of operation, which is quite complex as 
compared with that of an ordinary incandescent (filament 
type) bulb. 

In the ordinary incandescent lamp, a filament made of 
tungsten wire is heated by an electric current flowing through 
it, until it reaches a high temperature, when it emits light. 
It operates by its terminals being connected to two wires of an 
electric circuit of the proper voltage. 

The fluorescent lamp (or tube, as it is often called) consists 
essentially of a glass cylinder, with a filament at each end. 
The filaments are not connected to each other in the lamp. 
Each filament is brought out to two pins on the end, as shown 
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in Fig. 14-21. The inside of the glass tube is coated with a 
whitish or grayish powder. The air has been pumped out of 
the tube, and a carefully determined amount of a gas called 
argon is introduced. A very small amount of mercury is also 
put into the tube. That is the basic machinery of a fluorescent 
tube, but if it is connected directly to the ordinary 115-volt 
circuit, it Avill not operate. 

If a fluorescent lamp marked “115-volt^' is connected to a 
source of high-voltage current, the lamp will light up, but will 
be quickly destroyed. If it is connected to a source of high- 
voltage current, and just at the instant of starting the voltage 

ANODE STEM PRESS 

BASE 
CEMENT 

BASE PINS 

EXHAUST 
TUBE 

WITH FLUORESCENT MATERIAL ACTIVE MATERIAL 

Fig. 14-21. — Construction of a fluorescent lamp. 

is reduced to 115 volts, it will still be destroyed. If just at the 
instant of starting, it is connected to a circuit of considerably 
under 115 volts, the tube will continue to operate just as it 
does in an ordinary fluorescent fixture. Apparently then some 
special accessories are required to make the fluorescent lamp 
or tube operate. 

Figure 14-22 shows the basic scheme. The secret of opera- 
tion consists of two devices: a ballast or choke coil, and an 
automatic switch, in practice called a starter. Any coil of 
wire wound on an iron core has two peculiarities; (1) when 
connected to an alternating-current circuit, it tends to resist 
any change of current flowing through it; and (2) when a 
current flowing through it is cut off, it delivers momentarily 
a voltage much higher than the voltage applied to it. The 
ballast for a fluorescent lamp is just such a coil. The auto- 
matic switch is so designed that it is ordinarily closed (while the 
lamp is turned off), but when the lamp is turned on, the switch 
opens a fraction of a second after the current starts to flow, 
and then stays open until the lamp is turned off again. 



INSIDE OF TUBE COATED CATHODE COATED WITH 
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Visualize then what happens. Start with Fig. 14-22, which 
shows the circuit just as the lamp is turned on. Current flows 
as indicated by the arrows, through the ballast, through one 
filament, or ^‘cathode” as it is called in the case of the fluo- 
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Fi(i. 14-22. — Flow of current through a fluorescent lamp at the instant when 
the light is first turned on. 

Siorf-er -open 





^ I — - 

T 

Line 

Fig. 14-23. — Plow of current through a fluorescent lamp after it has 
started. The automatic “starter” has now opened, and current cannot flow 
through it. 

rescent lamp, through the automatic switch or “starter,^' 
through the other filament or cathode, and back to the line. 
During this period the lamp glows at each end but does not 
light. Then the automatic switch opens, and the ballast does 
its trick — ^it delivers a high voltage as mentioned in the pre- 
vious paragraph, a voltage considerably above 115 volts, and 
high enough to start the lamp. The current can no longer 
flow through the switch because it is open ; it then flows through 
the tube, jumping the gap and forming an arc inside the glass 
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tube, following the arrows of Fig. 14-23 (in both Figs. 14-22 
and 14-23 the current flows first in the direction indicated by 
the arrows, then in the opposite direction, because the current 
involved is alternating current). The ballast then performs 
its other function: it limits the current flowing through the 
tube to a predetermined safe value. The voltage applied 
to the circuit divides so that about 20 per cent of the voltage 
drop is across the ballast; the other 80 per cent is across the 
lamp. The lamp then produces light until turned off. All the 
above presupposes that the lamp is operated on alternating 
current. (When used on direct current, the control apparatus 
is considerably different.) 

How does the current jump from one end of the tube to the 
other? It is a complicated story, and yet is, in some ways, 
simple. The filaments or cathodes of coiled tungsten wire 
are coated with a chemical which when heated emits electrons, 
particles so small that billions of them laid side b}^ side would 
still be invisible, being actually basic negative charges of 
electricity. They shoot out into space as popcorn does in a 
corn popper; they travel more easily through argon gas than 
through a vacuum, which is the reason that gas is introduced. 
A stream of these particles constitutes an electrical current, 
which heats the argon, which heats the mercury to become 
mercury vapor, which then becomes the path for a heavier 
electric current. 

If a fluorescent tube such as just described had a wall of clear 
glass, an insignificant amount of light would be visible, and 
yet the fluorescent lamp as installed produces a great deal of 
visible light. The answer lies in the fact that the electric arc 
through the mercury vapor produces only a slight amount of 
visible light, but a great deal of invisible ultraviolet light. 

The inside of the tube is covered with a layer of chemicals 
that become fluorescent or light-producing when exposed to 
ultraviolet light. In other words, invisible ultraviolet light 
striking fluorescent chemicals makes the chemicals glow 
brightly, producing visible light. The particular chemical 
used determines the color of the light. 
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The exact scientific principles that govern the emission of 
electrons from a heated coated filament, the creation of the arc, 
the production of ultraviolet light by the arc, and the creation 
of visible light when invisible ultraviolet light strikes certain 
chemicals had best be left to the chemists and engineers. 

Advantages of Fluorescent Lighting. — The greatest single 
advantage of fluorescent lamps lies in their efficiency. Per 
watt of electricity used, they produce 2 to 3^ times as much 
light as ordinary incandescent lamps. Their life is much 
longer than that of incandescent lamps. Being more efficient, 
they produce much less heat, which is important when larger 
amounts of power are used for lighting, especially if the lighted 
area is air-conditioned. 

Another major advantage is that the lamp or tube, being of 
relatively large size (in terms of area in square inches compared 
with the total light output), has relatively low surface bright- 
ness, which in turn leads to less glare, less shadow, all contrib- 
uting to better seeing, less eyestrain. The surface brightness 
being low, there is no need for enclosing glassware, reducing 
the cost of installation and upkeep. 

Life of Fluorescent Lamps. — ^The life of ordinary incan- 
descent lamps is about 1,000 hr.; it does not make an appre- 
ciable difference whether the lamp is burned continuously, 
or turned on and off many times during its life. A fluorescent 
lamp that is turned on once and never turned off until the end 
of its useful life will probably last in excess of 3,000 hr. If it is 
turned on and off every 5 minutes, it may not last 500 hr. The 
answer lies in the fact that there is a specific amount of elec- 
tron-emitting material on the filaments or cathodes; a specific, 
part of it is consumed each time the lamp is started; when it is 
all gone, the lamp is inoperative. It is not possible to predict 
the exact number of starts the lamp will survive, and ordinary 
operation between starts also consumes some of the material, 
but the fact remains that the oftener a fluorescent lamp is 

1 In the case of certain colors, the fluorescent lamp produces over 100 
times as much light per watt as an incandescent lamp. 
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turned on, the shorter its life will be. Under ordinary opera- 
tion, its life will probably be twice that of the incandescent 
lamp. 

Rating of Fluorescent Lamps. — An ordinary incandescent 
lamp marked ^'40 watts will consume 40 watts when con- 
nected to a circuit of the proper voltage. A fluorescent lamp 
rated at 40 watts also will consume 40 watts within the tube, 
but actually an additional wattage is consumed by the ballast; 
this additional wattage is 15 to 30 per cent of the wattage 
consumed by the lamp proper and must be added to the 
wattage of the lamp to arrive at the total wattage of the 
combination. 

Power Factor of Fluorescent Lamps. — Ordinary incandes- 
cent lamps have a power factor of 100 per cent. A single 
fluorescent lamp connected to a circuit has a power factor of 
somewhere between 50 and 60 per cent. Assume 100 lamps 
rated at 40 watts, connected singly to a 1 1 5- volt circuit. The 
ballast for each lamp can be expected to consume approxi- 
mately 8 watts. The total for each combination is 48 watts, 
and for 100. such lamps, the total is 4,800 watts. The amper- 
age consumed by these 100 lamps is however not 4,800/115, or 
42 amp., as might be expected, but rather (assuming a power 
factor of 60%) 4,800/(115 X 0.60), or 4,800/69, or approxi- 
mately 70 amp." Therefore the wiring serving this load must 
be capable of carrying 70 amp., rather than a theoretical 42 
amp. 

Fortunately this is not so serious as it sounds. The common 
method is to have either two or four lamps per fixture, and in 
addition to 'the usual ballast, to use power-factor-correction 
devices built into the same case with the ballast, which bring 
the power factor up to about 90 per cent or better. 

Unfortunately however, not all 2- or 4-light fixtures on the 
market are of the high-power-factor type. The subject is 
introduced so that due caution may be exercised when making 
a purchase, to make sure the high-power-factor type are 
procured. This is especially important when making com- 
mercial or industrial installations, where the power company 
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exacts an entirely justifiable penalty when the power factor of 
an installation is low. 

Sizes of Fluorescent Lamps. — The most commonly used 
lamps are those listed below. Note that the wattage con- 
sumed by the ballast is not included in the column headed 
‘‘watts/’ 


Designation 

Length, inches 

Diameter, inches 

Watts 

T-8 

18 

1 

15 

T-12 

24 

IK 

20 

T-8 

36 

1 

30 

T-12 

48 

IK 

40 

T-17 

60 

2^ 

100 


Other ratings are available for special purposes Among 
these should be mentioned the new Circlinc lamp shown in 
Fig. 14-24, designed for floor lamps, small fixtures, and other 
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Fig. 14-24. — The recently developed “Circline” fluorescent lamp comes 
in three diameters, and will And application in floor lamps and lighting 
fixtures for homes. 

applications where a long straight lamp would not fit into the 
picture. 

Color of Light from Fluorescent Lamps. — ^Everyone has 
noticed that colors of flowers, clothing, and so on, look differ- 
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ent under ordinary filament lamps than they do in natural 
sunlight. Ordinary lamps produce light that is rich in red. 

Light from fluorescent lamps is more nearly natural light and 
can be controlled as to color by the selection of the chemicals 
that make up the powder used to coat the inside of the tube. 
The most ordinary color is ‘‘white/^ which also happens to be 
most efficient, producing more lumens per watt than any other 
color. However, where an approximation of sunlight is 
needed, a special color known as “daylight^’ is available. 

Most sizes of fluorescent lamps are available also in such 
colors as blue, green, pink, gold, red. Their efficiency in 
colors is extraordinarily high; for example, the fluorescent lamp 
produces about 100 times as much green light per watt as is 
produced by incandescent or filament lamps. These colored 
lamps find a particular application where spectacular color 
effects are needed, for example, in theater lobbies, lounges, 
stage lighting, advertising, and similar purposes. They 
produce a vividness that is outstanding. 
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RESIDENTIAL AND FARM MOTORS 

A later chapter will cover the wiring of industrial motors; 
this chapter will cover only those ordinarily found in homes 
and farms. A brief discussion of the characteristics and 
limitations of the types in common use should be in order. 

Types of Motors. — The split-phase type of alternating- 
current motor is very common; it is found on almost all 
washing machines. It is not practical in sizes above }4 hp. 
While starting, the size will usually consume up to 

30 amp. and more; while running at full speed, it will consume 
5 to 6 amp., which is approximately equal to the amperage 
consumed by other types of the same horsepower. Once 
running, it will handle a load as well as other types of the same 
horsepower, but it is incapable of starting heavy loads. Use it 
only on devices that start very easily, or where the load is 
thrown on after the motor is running at full speed. 

Capacitor motors are similar to the split-phase type but 
consume a considerably lower amperage while starting and 
also are capable of starting heavier loads. They are com- 
monly used in sizes up to 2 hp. Most electric refrigerators 
are equipped with this type. 

Repulsion-induction motors consume a still lower amperage 
while starting and arc capable of starting the heaviest kind of 
loads. Air compressors and water pumps are the most com- 
mon applications. In size they are available up to 10 hp., but 
they are seldom used in sizes above 5 hp. 

Three-phase Motors. — These motors, as the name implies, 
operate only on three-phase alternating current. Three-phase 
motors in sizes Yi hp. and larger cost less than any other type, 
so by all means use them if 3-phase current is available. Do 
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not assume that because there are 3 wires serving the premises, 
there is 3-phase current; more likely there is 3-wire 116/230- 
voU single-phase current. If in doubt, check with the power 
company. 

Direct-current Motors. — Direct current is found in the 
downtown sections of some large cities like Chicago and New 
York and in some small towns. All 32-volt farm plants are 
direct current as are some of the 1 10- volt farm plants. 

Motors for direct current are of one type only and have no 
special name or type. They are suitable for any general 
purpose work. The speed is usually around 1,800, but the 
speed varies considerably more than in alternating current 
motors, and varies considerably with the voltage. Idling, it 
may be as high as 2,400 rpm., unlike the alternating-current 
type, which never exceeds 1,800 rpm. for common types. 

Universal Motors. — This type of motor operates on eithei- 
direct current or single-phase alternating current of GO or any 
other cycles. However, the speed cannot be kept at a pre- 
determined figure, but varies over an extremely wide range. 
Idling, such a motor may run as fast as 15,000 r.p.m., while 
under a heavy load the same motor may slow dowm to 500 
r.p.m. This of course makes the motor totally unsuitable for 
general purpose work. It is used only when built into a piece 
of machinery v here the load is constant and definitely pre- 
determined. For example, this type of motor is found on 
vacuum cleaners, sewing machines, some types of fans, electric 
drills, etc. 

Reversing Motors. — The direction of rotation of a repulsion- 
induction motor can be changed only by shifting the position 
of the brushes. On other types of motors it is changed by 
reversing two of the wires coming from the inside of the motor. 
If a motor needs to be frequently revensed, a special switch 
may be installed for the purpose. 

Temperature Rise. — Most motors are rated '‘40°C. con- 
tinuous, ” which means that while operating at rated (name- 
plate) horsepower the temperature of the windings will not 
increase more than 40°C., or 72°F., over and above room 
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temperature. On a hot summer day the temperature of the 
motor may therefore rise to 172®F., only 40® below the tem- 
perature of boiling water. This will feel decidedly uncom- 
fortable to the hand and leads to complaints from users that 
their motors overheat; sometimes this is blamed on allegedly 
wrong wiring. 

Overload Capacities. — Although most motors are capable of 
delivering 2 to 2 }'^ times their rated horsepower for short 
periods of time, they also consume correspondingly greater 
amperages than normal while doing so. Their temperature 
then rises above normal; accordingly, motors should not be 



Fig. 15-1, — Many inotorw are .so constructed tliat they may be operated 
at either 115 or 230 volts, depending upon the connection of the four leads 
as shown in diagram above. It is alway.s wise to operate such motors at 
230 volts, if po.ssible. 

expected to deliver continuously power in excess of their rated 
horsepower. 

Dual-voltage Motors. — Many motors are so constructed 
that they can be operated on two different voltages, for 
example, 115 or 230 volts. Single-phase motors of this type 
have four leads, which connected one way permit 11 5- volt 
operation; connected differently, they permit 230-volt opera- 
tion (see Fig. 15-1). 

If the motor is of the dual-voltage type, that is, if it will 
operate on either 115 or 230 volts, two different amperages 
are shown on the nameplate. For example, it may be marked : 

Volts 115/230 Amps 24/12.'^ This simply indicates that, 
while delivering its rated power, it will consume 24 amp. if 
operated at 115 volts, or 12 amp. if operated at 230 volts. 

Gasoline Engines vs. Electric Motors. — Because of the great 
amount of farm wiring in progress today many gas engines 
are being replaced with electric motors. Gasoline engines are 
usually rated at the maximum horsepower they can deliver; 
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there is no overload capacity as in the case of electric motors. 
Therefore it is frequently possible to replace a gas engine 
with an electric motor of a smaller horsepower rating than 
the engine. Good judgment must be used. If the machine 
in question has a reasonably constant load and the gas engine 
is working at the limit of its capacity, the motor must have 
the same horsepower as the engine it replaces. If the machine 
has a fluctuating load and if the engine pulls it easily and only 
occasionally labors at the limit of its capacity, then a motor of 
a smaller horsepower rating may be used. 

Wiring for Motors. — The Code sections that govern the 
installations of motors are extremely complicated, for they 
cover all motors from the tiniest, to those developing hundreds 
of horsepower. The wiring of motors for homes and farms, 
however, can be covered by a few simple rules. Three points 
especially must be observed: 

1. Fusing. 

2. Disconnecting switch for motor. 

3. Wire sizes. 

Fusing. — Bear in mind the fundamental fact that any motor 
consumes more current while starting than while running. 
For example, an ordinary washing-machine motor may con- 
sume 25 amp. while starting, but only 5 amp. while running 
and delivering its normal horsepower. It is capable of 
delivering for short periods considerably more than its rated 
horsepower, but if it is overloaded to do so, it will consume 
correspondingly more current. If considerably overloaded, it 
may draw as much as 10 amp. It will not be harmed if it 
delivers normal horsepower (consuming 5 amp.) all day long, 
nor will it be harmed if it delivers considerably in excess of its 
normal horsepower (and consuming 10 amp.) for short periods, 
but it will burn out if it is required to deliver considerable 
overloads (and consuming 10 amp.) for a considerable period 
of time. 

The wire to the motor must then be big enough to carry its 
starting current momentarily, its running current continuously. 
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and its normal running current plus a considerable overload 
for short periods. Likewise it must be fused accordingly. 
Consider then a washing-machine motor which normally 
consumes about 5 amp. While starting it consumes about 
25 amp. The ordinary branch circuit is wired with No. 14 
wire and protected with 15-amp. fuses. This fuse will fre- 
quently blow on 25 amp. while the motor is starting. There- 
fore, for those circuits which serve motors, it is wise to use 
time-lag fuses of an amperage rating determined by the size of 
the wire in the branch circuit. Fuses of this type are illus- 
trated in Figs. 5-5 and 5-6. As a matter of fact, the Code in 
Sec. 4332d practically requires the use of this type of fuse w hen 
motors are on the circuit. 

However, the 15-amp. fuse protecting the branch circuit 
in no way protects the motor against overloads. Suppose 
the belt on a washing machine is so tight that instead of con- 
suming its normal 5 amp. the motor consumes 10 amp. The 
motor will become hotter and hotter and will finally burn out. 
The branch-circuit fuse has not protected it at all. Therefore 
it is well to provide separate motor-running overcurrent 
protection, installed close to the motor. The Code requires 
it on 

1. All motors larger than 1 hp. 

2. All automatically started motors, 1 hp. or less. 

3. All manually started motors if the motor cannot ])e seen from the 
controller, or if it is more than 50 ft. from the controller. 

Even when it is not required by Code it is wise to provide 
running protection for all motors. Consider it insurance 
against damage to the motor. 

This running protection may be a fuse or other overcurrent 
device rated at not more than 125 per cent of the amperage 
stamped on the nameplate of the motor. If this is a non- 
standard rating, the next higher standard rating may be used 
provided that it is not more than 140 per cent of the name- 
plate amperage. 

On devices such as refrigerators and pumps this running 
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protection is usually but not always incorporated with the 
machine or motor. For motors bought separately, this 
protection must be separately provided, although on some 
types and brands it is built into the motor in the form of a 
Thermotron or Thermoguard; in such cases no separate 



General Elec. Co. 

I u, 15-2 — Conti oK of the tjpe fc»ho^\u not onl> stait and tstop the motor, 
but also piotect it against ovei loads. 

j)rotection is needed. On motors provided with cord and plug 
this reciuirement is also waived. 

If ordinary fuses are used, they Avill blow during the starting 
period; consequently the time-lag type shovn in Figs. 5-5 and 
5-6 will have to be used, of a rating not to exceed 125 per cent 
(or 140 per cent) of the motor amperage, as already discussed. 
More usually a motor overload switch, of which several 
types are shown in Fig. 15-2, is used. This serves both to 
start and to stop the motor, as well as to protect it against 
overloads. It will carry substantial overloads for short 
periods but will disconnect the motor on short but very large 
overloads, as well as on continuous but small overloads. After 
tripping, it can be simply reset; there is nothing to replace 


254 


THEORY AND BASIC PRINCIPLES 


Disconnecting Switch. — The motor must also be provided 
with a switch by which it can be completely disconnected. 
If an overload switch of the type shown in Fig. 15-2 is used, 
no additional switch is required, but if fuses are used as motor- 
running protection, a switch of the type shown in Fig. 15-3 
should be used. The rating of the switch must be at least 
twice the amperage stamped on the name plate of the motor. 

Thus the 30-amp. switch illustrated in 
Fig. 15-3 is suitable for all motors rated 
not over 15 amp. 

If the motor operates on 115 volts on 
the usual circuit with one grounded 
wire, a single-pole switch with one fuse 
must be used. If it operates on 230 
volts, a 2-pole switch with two fuses 
must be used. 

Wire Sizes. — First of all, extension 
cords made of ordinary No. 18 or even 
No. 16 lamp cord should never be used, 
even on small fractional horsepower 
motors. A short cord on the motor is 
in order, but if a longer extension is 
added, the voltage drop in the cord during the starting period 
while the amperage is high is apt to be so great that the motor 
never gets off its starting windings. A damaged motor may 
easily result. 

The wire must be heavy enough to carry the starting 
amperage, and the horsepower of the motor and the distance 
involved must also be taken into consideration. The Code 
requires that the wire must have a carrying capacity equiva- 
lent to at least 125 per cent of the nameplate amperage of the 
motor. 

For convenience the table on page 255 has been worked out. 
Under each wire size is given the maximum distance for which 
this size wire should be used if maximum efficiency is expected 
from the motor. This table is calculated for single-phase 
alternating-current motors. For direct-current motors the 



Square D Co. 
liG. 15-3. — A switch 
of this type may be used 
with small motors. If 
the switch has two fuses 
it is for a 230-volt motoi ; 
if it has only one fuse it 
is for a 115-volt motor. 
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distances shown may be increased about 25 per cent above 
those shown (except for 32-volt, which are correct). The table 
is not applicable to polyphase motors. 


Proper Wire Sizes for Motors 


Motor 


Wire sizes 


Horse- 

power 

Volts 

14 

12 

10 

8 

6 



0 

00 

H 

115 

85 

135 

230 

350 

520 



2,250 

2,750 

H 

115 



190 

280 

450 

700 

1,100 

1,850 

2,300 

H 

115 



160 

250 

380 

620 

975 

1,600 

2,000 


115 

55 

85 

140 

220 

340 

540 

850 

1,400 

1,750 

1 

115 



110 

170 

270 

430 

680 

1,180 

1,400 


115 


45 


120 

180 

300 

480 

750 

950 

2 

115 



55 

85 

135 

215 

340 

550 

700 

3 

115 




60 

90 

150 

230 

380 

460 



350 


HQI 









275 











250 



iliilii} 




1 


y* 


200 



875 


Wm 




1 


160 

275 


675 



g 





125 

180 

325 


750 





2 


80 


225 

325 

mm 

850 

llffi 



3 






g 





H 

32 




125 






H 

32 

25 

40 


MM 






'2 

32 

15 


45 

75 




H 



Figures below the wire sizes indicate the one-way distances in feet that each size wire 
will carry the size motor indicated in the left-hand column, with 2 per cent voltage drop. 
A dash indicates that the wire size in question is too small to carry the current for the 
horsepower involved, regardless of circumstances. Figures are based on single-phase 
alternating-current motors, except the 32-volt tyi)e. For the 32-volt direct-current 
motors, a voltage drop of 5 per cent is assumed. 


The table is based on a 2 per cent voltage drop. Since most 
motors consume about 3 times their normal current while 
starting, the voltage drop during that starting period will then 
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be 3 times the percentages mentioned. If the motor is to start 
a machine which starts very hard, especially if it is started very 
frequently, use wire heavier than shown. Under no circum- 
stances use wire lighter than the smallest shown after each 
horsepower rating, for this would be below the Code minimum. 

Pulleys and Belts. — Even though the figuring of proper 
pulley ratios is not a wiring problem, a short discussion of this 
subject should not be amiss. In such calculations four factors 
are involved: 

^lotor pulley diameter. 

Machine pulley diameter. 

Motor speed. 

Machine speed. 

If any of the four is unknown, it is a simple matter to figure 
it from the three known factors, using the formulas below: 


Machine pulley diameter — 

motor pulley diameter X motor speed 
machine speed 

, motor speed X motor pulley diameter 
Machine spMd machhirpnUif ii& 5iter 

Motor pulley diameter = 

machine pulley diameter X machine speed 
motor speed 

machine speed X machine pu lley diameter 
motor pulley diameter 


Motor speed = 


In making the calculations indicated above, remember that 
there is always some belt slippage for which allowance must 
be made. For motor speed use the actual speed that the 
motor will develop under full load. 

The ratio between the diameters of the driving and the 
driven pulleys should be kept within reasonable limits. If 
one pulley is a great deal larger than the other, especially if 
they are close together, the belt will make contact with but a 
small portion of the total circumference of the smaller pulley, 
and slippage will be increased. The ratio should not exceed 
12 to 1 in small motors; for a 1 hp., 10 to 1 is usually considered 
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the practical limit, decreasing to 8 to 1 in the case of a 5-hp. 
motor, and 5 to 1 in the case of a 25-hp. motor. 

Especially for small fractional-horsepower motors the use of 
V belts is very common. They have the advantage of being 
relatively inexpensive, have little slip even on small pulleys, 
and carry substantial loads on even the smallest size. As the 
load increases above 3^ hp., it is often the custom to use two or 
more such belts side by side on multiple-groove pulleys. 
Avoid the use of very small diameter pulleys. Their use leads 
to excessive belt slippage, short belt life, and loss of power. 

A common mistake is to run belts too tight. This only 
increases the load on the motor, causes excessive bearing wear 
and short belt life. 

The following table should be useful in determining pulley 
sizes for any given machine. It is based on a motor speed of 
1,750 r.p.m,, and some allowance has been made for belt 
slippage. Figures show speed of machine with each com- 
bination of pulley diameters. 


Diam. 

Diameter of pulley on machine, inches 

















pulley 

m ' 

1 

ih 


2 

2'i 

2> > 

3 

4 

5 

6J'j 

8 

10 

12 

15 

18 

IH 

1,725 

1,435 

1 

1,230 

1,075 

950 

850 

715 

540 

430 

330 

265 

215 

175 

140 

115 


2,075 

1,725 

1,475 

1,290 

1,140 

1,030 

850 

645 

515 

395 

320 

265 

215 

170 

140 

m 

2,400 

2,000 

1,725 

1,500 

1,340 

1,200 

1,000 

750 

600 

460 

375 

315 

250 

200 

165 

2 

2,775 

2,290 

1,970 

1,725 

1,530 

1,375 

1,145 

850 

685 

530 

430 

345 

285 

230 

190 

2H 

3,100 

2,580 

2,200 

1,930 

1,725 

1,550 

1,290 

965 

775 

595 

485 

385 

325 

255 

215 

2h 

3,450 

2,870 

2,460 

2,150 

1,900 

1,725 

1,435 

1,075 

850 

660 

540 

430 

355 

285 

240 

3 

4,140 

3,450 

2,950 

2,580 

2,290 

2,070 

1,725 

1,290 

1,070 

800 

615 

515 

430 

345 

285 

4 

5,500 

4,575 

3,950 

3,450 

3,060 

2,775 

2,295 

1,725 

1,375 

1,060 

860 

700 

575 

460 

375 

5 

6,850 

5,750 

4,920 

4,300 

3,825 

3,450 

2,865 

2.150 

1,725 

1,325 

1,075 

860 

715 

575 

475 


8,950 

7,475 

6,400 

5,600 

4,975 

4,480 

3,730 

2,790 

2,240 

1,725 

1,400 

1,120 

930 

745 

620 

8 


9,200 

7,870 

6,900 

6,125 

5,520 

4,600 

3,450 

2,750 

2,120 

1,725 

1,375 

1,140 

915 

765 

10 



9,850 

8,620 

7,670 

6,900 

5,750 

4,300 

3,450 

2,650 

2,150 

1,725 

1,430 

1,140 

950 

12 





9,200 

8,280 

6,900 

5,160 

4,130 

3,180 

2,580 

2,075 

1,725 

1,375 

1,140 

15 





8,635 

6,470 

5,170 

3,970 

3,230 

2,580 

2,150 

1,725 

1,425 

18 





1 



7,750 

6,200 

4,770 

3,880 

3,100 

2,580 

2,070 

1,725 




PART 2 

ACTUAL WIRING: RESIDENTIAL AND FARM 

Part 2 of this book explains the actual wiring of houses and 
apartments, as well as farm buildings of every description. 
The author feels that it will be much easier for the reader to 
cover first these relatively simple installations, than it would 
be if one chapter pertaining to one particular phase of the 
work included everything from a simple cottage up to an 
elaborate project. 

Practically all the fundamentals covered by Part 2 will in 
practice be used also in the more pretentious projects. They 
are the foundation for the methods to be covered by Part 3. 




CHAPTER 16 


PLANNING AN INSTALLATION 

The plans for an electrical installation usually consist of 
outline drawings of the rooms involved, with indications 
where the various outlets for fixtures, receptacles, and other 
devices are to be located. Obviously a picture of a switch 
cannot be shown at each point on the plans where one is to be 
used, and so on with the different outlets. Standardized 
symbols are used instead. 



Fio 10-1 — ^Ld>out of a winplo threc-ioom project 


S 3 mibols. — On page 2G2 are shown the symbols that have 
been in use for many years, and on page 263 the revised sym- 
bols that have recently been adopted. It is necessary to be 
familiar with both, and since the differences are not great, no 
particular difficulty should be experienced. Each symbol 
must instantly indicate as much as if a picture of the device in 
question were shown. Throughout this book, where such 
symbols are required the new recommended types are used 
rather than the old standard. 

261 
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Out Standard Stmbolb for Elbctricaij Equifmbnt of BiriLDmas 


Ceiling outlet 


O 


Ceiling lamp receptacle — spec- 
ification to describe type such ^ 
as key, keyless, or pull chain. . 


Ceiling outlet for extensions 

Ceiling fan outlet orO 


Floor outlet. 
Drop cord. . 


4- 

® 


Wall bracket 

Wall outlet for extensions. . 


<>- 

4 - 


8 - 


Wall fan outlet 

Wall lamp receptacle — specifi- 
cation to describe type such g)- 
as key, keyless, or pull chain. 


Single convenience outlet 


Double convenience outlet 0a 

Junction box 0 

Special-purpose outlet — lighting, 
heating, and power as described 0 
in specification 

Special purpose outlet — lighting, 
heating, and power as described 0 
in specification 


Special-purpose outlet — lighting, 
heating, and power as described 0 
in specification 


Exit light ®- 

Floor elbow QE 


Pull box. 


Cable-supporting box 

Meter 

Branch circuit, run concealed 
under floor above 


0 


Branch circuit, run exposed *— 

Branch circuit, run concealed . 
under floor 

Feeder run, concealed under ^ 

Feeder run, exposed ••• 

Feeder run, concealed under 
floor 


Pole line 

Push button fa| 

Buszer D 

Bell Q 

Annunciator 

Interior telephone 

Public telephone 

Maid’s plug (m) 

Clock (secondary) ® 


Electric door opener [|] 

Watchman station 0 

Watchman central station de- Er^ 
tector ^ 

Special outlet for signal system 
as described in specification ... 


Floor tee Qt 

Pull switch 

p.s» 

Local switch — single-pole 

Local switch — double-pole ^2 

Local switch — 3- way 53 

Local switch — 4-way 54 

Automatic door switch co 


Battery wwi 

Signal wires in conduit concealed 
under floor 

Signal wires in conduit concealed 

under floor above — 

This character marked on tap 
circuits indicates 2 No. 14 {] 

conductors in H-in. conduit 
(see note) 


Motor 

Motor controller, 
Lighting panel . . , 


© 


3 No. 14 conductors in H-iu m 

conduit 

4 No. 14 conductors in ?^-in. 

conduit unless marked « D 


Power panel. . 
Heating panel. 


mm 


B No. 14 conductors in ^-in, iffn 
conduit 


Note. — If larger conductors than No. 14 are used, use the same symbols and mark the 
conductors and conduit size on the run. 



PLANNING AN INSTALLATION 


263 


New Standard Symbols for Electrical Equipment of Buildings 


Celling Wall 

oaxMj, atnuBn 

o 

-O 

Outlet. 

<S) 


4 ! 

• 

1 

1 

(S) 


Drop Cord. 

(D 

O 

Eleetrlcel Outlet; for use only when cirole 



used alone might be confuaed with 



columns, plumbing symbols, ote. 


-<E> 

Pan Outlet. 

Q> 


.Junction Box. 

Q 


Lamp Holder. 


Holder Vlth full avitoH. 

(D *<1) full Svitch; 

(3) Outlet for Vepor Slaotoeree Imp* 

(S) *<S) Hxlt Ught Outlet 

@ Clock Outlet. (Specify Voltece) 

comnxncE'onnRS 

Duplex Convenience Outlet. 

Convenience Outlet other than Duplex. 

!■ Single, S^Trlplex, etc. 

Heetherproof Convenience Outlet. 

Hange Outlet. 

Sylteh and Convenience Outlet. 

Badlo and Convenience Outlet. 

Special furpoae Outlet. (Dee. la Spec.) 
floor Outlet. 

SWITOI ORURS 
Slngl* felt svitch. 

Double foie Svitch. 
three Vay Svitch. 

Pour Way Svitch. 

Automatic Door Svitch. 

Electrolier Svitch. 

Key Operated Svitch. 

Svitch and l^llot Lamp. 

Circuit Breaker. 

Weatherproof Circuit Breaker. 

Hoaentary Contact Svitch. 

Hemote Control Svlteh. 

Weatherproof Svitch. 
pueed Switch. 

Weatherproof Puaed Svitch. 

'special outlets 
Oohcetc Standard Symbol aa given above with 

addition of a lover cate aubaeript 
^O0,b.c,clc letter may be uaed to dealgnate aome 
Se,b,c,elC aneclal variation of Standard Equipment 
of particular interact in a apeclflc 
aet of Architectural Plana. 

When uaed they muat bo Hated In 
the ICCy of Symbols on each dravlng and 
If necessary further described In the 
specif leatlona. 



PAHELS. CXncUXTS, AHD MXSCIUAHEODS 
HP Lighting Panel. 

fever Panel. 

Branch Ciroulti Concealed fn Celling or Wall. 

—— Branch Circuit; Concealed in floor. 

— — Branch Circuit; Exposed. 

Hone Hun to Panel Beard. Indicate huiiber Of 
Circuits by number of arrova. 

Hotel Any circuit without further designation 
indicates a tvo-vira circuit. , Por a greater 
number of vires Indicate as foilova: (S vires) 
##(4 vires), etc. 

— feeders. Hotel Use heavy lines and dealgnate by 

number corresponding to listing in Feeder Schedule. 
^ fe Underfloor Duet and Junction Box. Triple System. 

Hotel Por double or single systems eliminate one 
or two lines. This symbol' is equally adaptable 'to 
auxiliary system layouts. 

© OenerStor. 

Kotor. 

(D Instrument. 

(2) Pover Transformer. (Or draw to eeale.) 

ISt Controller, 
o Isolating Svitch. 

^ AffXXLXAHE SXStEMS 

m Push ftitton. 
r~V Buster. 

Q) Bell. 

Annunslator. 

1^ Outeldt Telephone. 

yntereoameetlng Telephone.. 

Telephone Svitehboard. 

Bell Ringing Trsnsformer. 

[g] Bleetrle Door Opener.. 

[£]3 fire Alarm Ball. 

13 'fire Alarm Station. 

QQ City Plre Alarm Station. 

IfaI Pirs Alarm Central Station. 

Automatic Plro Alarm Device. 
fwl Watchman's Station. 
ilwll Watchman's Central Station* 

0 Horn, 

0 Hurae’s Signal Plug. 

@ P.ald'a Signal Plug* 

(r] Radio Outlet. 

1I^<SH Signal Central Station, 
o Interconnection Bex. 

'W'W'I Battery. 

Auxiliary Systctf Circuits. 

Hotel Any line without further designation 
indicates a 2>Wire System. Por a greater number 
of vlree deS'lgnate with numerals in manner aimilar 
to-.— 12-no. 16W-S/4* C., dr designate by number- 
^ eorrcapondlng to listing In Schedule. 

HPRcial Auxiliary Outlets. 

Subacript lettara refer to notes on plans or 
* datailed descxiption la spsclficetions. 


Symbols in accordance with American Standards Association Standard 
ASA Z32.9-1943. 
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In plans using these symbols, wires are indicated only to 
connect sAvitches with the outlets they control. Only a single 
line is drawn to represent all the wires that may be recjuired. 
Unless othenvise specified, it is still the contractor’s problem 
to determine which outlets go on each circuit and exactly how 
the different Avires are to run. 

T3rpical Plans. — Consider first a very simple plan, covering 
a small three-room cottage Avith tAvo circuits, involving one 



A' Service switch C- Branch circuit fuse 
B - Main fuse D -Branch circuit fuse 


Fig. 16-2. — The layout shown in Fig. lO-l, but here indicated in pietoriai 

fashion. 


ceiling outlet controlled by a wall switch for each of the thr(‘o 
rooms, with three receptacle outlets for the larger room and 
one for each of the smaller rooms. The plan for this installa- 
tion is shown in Fig. lG-1. 

To make it easier to interpret this plan, Fig. 10-2 shows the 
same layout in pictorial fashion, with all the wires shown in 
detail. The neutral wire is shown as a light line, the ^^hot” 
wires as heavy lines. Note how the neutral wire runs without 
interruption from the point where it enters the building to 
each device where current is to be used. The black wires lom 
from their fuses direct to each reccT)tacle outlet and to each 
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switch; an additional length runs from each switch to the 
light it controls, and that completes the wiring. 

A represents the main switch. B represents the maiii 
fuse. C and D represent the two fuses, one for each branch 
circuit. The first branch circuit comprises all the wiring 
served by the current that flows through fuse C; the second 
circuit comprises all wiring served by the current that flows 
through fuse D. 

The complete wiring plans for a larger house are shown in 
Figs. 16-3 to 16-6. These diagrams^ may at first sight seem 
rather formidable, but with study they become simple. Such 
plans are supplemented by detailed specifications which give 
such information as size and type of service entrance, number 
of circuits, type of materials to bemused, and similar data. 

Make some plans of a similar nature of other installations^ 
lor example, your own home as it is wired and as you would 
like to see it wired. Do this until symbols are as clear to you 
as the printed words of a book. Remember that round sym- 
bols always denote outlets served by the full voltage of the 
wdring system; square symbols ahvays denote outlets operating 
at low voltage, for example, bells, buzzers, etc. Solid lines 
denote wires in ceilings or w^alls; dotted lines denote wires 
under the floor. 

Making Plans. — Often the electrician may be called upon to 
make the plans for a job instead of finding them ready-made. 
In that case include all those details found in plans of the type 
shown in Figs. 16-3 to 16-6. Likewise include in the specifi- 
cations such things as the size of service entrance wires and 
switch, the number of circuits, the location of service switch 
and fuse panels, material to be used, and similar details. 

In making such pl^yis there is usually little choice except 
to follow the general ideas of the owner, as to the number of 
outlets and similar details. On the other hand, the average 

^ Reproduced by permission from the ‘^Handbook of Interior Wiring 
Design,^* by the Industry Committee on Interior Wiring Design. 
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Fig. 16-3. — Typical basement plan of a 7*esideiice 


Fig. 16-4. — Typical first floor plan of a residence. 
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I'lG. 16-5. — Typical second-floor plan of a residence. 


LEGEND 
o Ceiling Outlet 
®»s Lampholder (put! switch) 

Ohs Lighting outlet controlled 
by master switch 
o Drop cord 
HO Bracket outlet 

Duplex convenience outlet 
Hb Radio outlet 
H® Clock outlet 

Flush bath heater outlet 
H®b Dish washer outlet 
H*c Wafer heater outlet 
HOo Illuminated house number 
P^pWeatherproof convenience outlet 
h<3 Telephone outlet 
® Push button (wall type) 

0“ Push button (floor type) 

05 Bell 
o Buzzer 
HD Exhaust kan 
H»' Singh poh local switch 
Three way local switch 
H»- Four'Way local switch 
wP Door(oiutomatic) local switch 
Master switch 
H"-** Switch and pilot light 
■ Lighting pane! 

CD S^vice switch 
^ Range outlet 

PimttMaf4prmts 

Fig. 10-6. — Typical front elevation, also legend, of plans for a residence* 
Note the explanations for outlets a, 6, c. 
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home owner knows very little about things electrical, with the 
result that his specifications may result in an installation that 
is far from adequate. Explain to your customer what advan- 
tages there are for him in an adequate installation, and it will 
mean a larger sale for you and a better satisfied customer. 



CHAPTER 17 


INSTALLATION OF SERVICE ENTRANCE AND 
GROUND 

Chapter 9 covered the selection of the proper service 
entrance wires, the rating of the service switch, and similar 
essentials. This chapter will cover the actual installation of 
the materials selected. Many variations are possible in the 





Westxngh m e Elec dk Mfg. Co. 
Fig. 17-1. — A detachable outdoor meter and the socket on which it is mounted 
Meters of this type aie mounted exposed to the weather. 


mechanical arrangement and selection of the different parts; 
the wires may come in through conduit, or in the form of 
service entrance cable, or underground; the meter may be 
outdoors or indoors; the branch-circuit overcurrent equipment 
may be fuses or circuit breakers; main overcurrent protection 
may or may not be required. 

Begin with a very simple installation — a service entrance 
for a summer cottage which involves only two service entrance 
wires, a 30-amp. switch, and two branch circuits. 

269 
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Meter. — The power company determines whether the meter 
is to be outdoors or indoors. Very likely it will be an outdoor 
type either as shown in Fig. 17-1, which is installed exposed 
to the weather, or possibly an ordinary meter housed in a 
weatherproof cabinet of the type shown in Fig. 17-2. In any 
event the power company usually furnishes the meter as well 



Square D Co, 
Fig. 17-2.~Ordi- 
nary indoor meters 
are sometimes used 
outdoors, mounted in 
weatherproof meter 
cabinets. 


4 i 



Square D Co, 
Fig. 17-3. — A verj 

simple switch is some- 
times permitted as an 
entrance switch for very 
small installations. 


as the socket or the weatherproof cabinet, which the con- 
tractor installs. 

Service Switch. — Select either a simple switch of the type 
pictured in Fig. 17-3, and use with it a 2-circuit fuse cabinet of 
the type pictured in Fig. 17-4, or a unit which has within a 
single cabinet the disconnect switch, the main fuse, and the two 
branch-circuit fuses. Another choice is a combination of two 
circuit breakers. 

Note that while the general description of the switch selected 
is merely 2-wire 30-amp. 2-pole solid neutral, with 2 branch 
circuits,’^ there are often in a manufacturer's line a dozen 
switches that answer this general description. In some 
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localities the inspector and the power company will accept any 
switch answering this general description so long as it bears 
the Underwriters' label. More often the power company 


has definite preferences; hence 
it is always best on any job to 
consult them. Frequently 
they have a printed list of all 
brands showing the manufac- 
turers' numbers of those 
switches that are acceptable 
A typical service entrance is 
shown in Fig. 17-5. In this 
case the service entrance wires 



S iuare D Co, 

1 iLr 17-4 — I ut>e (iibi net’s of this 
t\pe nia> be attached to ‘'Oivire eii- 
tiance itches to hold the bianch- 
circuit fuses Such cabinets aie 



available to hold any number of fuses I lo l7-5 — Ci obs-sectioii of a t\ pn al 
fiom two upwaidb borvice entrance 


enter through conduit. This pictuie shows the seivice switch 
on the first floor; often it is located in the basement. 

Solderless Connectors. — The 1947 Code has a new^ Sec 2358 
which prohibits the use of soldered joints in connection with 
the attachment of wires to service entrance switches or circuit 
breakers. The reason for this is not hard to understand. It 
is not particularly difficult to learn how to make good soldered 
joints or connections to terminals when using small wires; it is 
however quite an art to solder a joint when a heavy wire and a 
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tubular solder lug are involved. In the finer sizes of wire, 
solder joints are frequently made, giving the workman much 
opportunity for practice; in the heavier sizes they are infre- 
quently made, affording little opportunity for practice. In 
connecting vires to service equipment, use only joints made 
with solderless or ^'pressure’’ connectors, or similar clamp- 
style terminals using no solder. The same prohibition holds 





Porcelain Prodr 
nets, Inc. 

Fio 17-t) 
Sciew-poiiit in- 
sulators of this 
type are used 
to su pport 
service en- 
tiance wiies or 
other outdoor 
wires. 



Porcdain Products, Inc 


l<io. 17-7 — A unit which compii'^es two or three irisulatois 
may be used instead of separate insulators 


with respect to connertions involving the ground wiie, as will 
be discussed later. 

Service Insulators. — Insulators for supporting the povei 
company \s wires where they reach the building (point A in 
Fig. 17-5) must be provided. These may be simple screw - 
point insulators, shown in Fig. 17-6; according to Code they 
must be kept a minimum of 6 in. apart. More frequently, 
however, either of the types shown in Fig. 17-7 is used; choose 
one wdth the individual knobs at least 6 in.^ apart. These are 
known as service brackets'' or ‘‘secondary racks." 

These insulators should be mounted as high above* the 

^ In many localities a sepaiation of 8 in is required 


INSTALLATION OF SERVICE ENTRANCE 


273 


ground as the shape and structure of the building will permit, 
and per Sec. 2324, in no event less than 10 ft. above the 
ground, which must be increased to 18 ft. if the supported 
wires run over driveways, alleys, and public roads. On a 
farm the entire yard is more or less a '^driveway,” and the 
18-ft. clearance should be observed. 



Kwikon Co. 


Fig. 17-8. — A typical berv- 
ice head, used at the top of 
the conduit through which 
the service entrance wires 
enter the building. 



Kwikon Co, 


Fig. 17-0. — A typical entrance 
ell, used at the bottom of the con- 
duit through which the service 
entrance wires run, at the point 
where they enter the building. 


Service Head. — At the top end of the service conduit (B in 
Fig. 17-5) the Code requires a fitting that will prevent rain 
from entering the conduit. A fitting of this type is shown in 
Fig. 17-8; it goes by various names such as ‘^service head,^' 
'^entrance cap,” ‘‘weather head.” It consists of three parts: 
the body which is attached to the service conduit, an insulat- 
ing block to separate the wires where they emerge, and the 
cover which keeps out the rain and holds th(i parts together. 

Entrance Ell. — At the point where the conduit enters the 
building (C in Fig. 17-5), it is customary to use an entrance ell 
of the type shown in Fig. 17-9. With the cover removed, it is 
a simple matter to pull wires around the right-angle comer. 
This device also must be raintight. 

Entrance Conduit. — For this simple 30-amp. entrance, two 
No. 8 wires are sufficient. Table 4 of the Code (see Appendix) 
shows that ^-in. conduit is sufficient; since the installation is 
outdoors, only the galvanized finish may be used. 
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First cut a length to reach from the meter socket to a point 
directly below the service insulators. Ream the cut end 
carefully and thread it. Then install the body of the service 
head at the top end. Thread the bottom end into the meter 
socket. Next cut short lengths of conduit to reach from the 
meter socket to the entrance ell and from the entrance ell to 
the service switch. 


If the building is of frame construction, it is a simple matter 
to bore through the wall, but if it is brick or concrete, it will 
^ involve some hard labor. A star drill 

Mi ^ "27 described in Chap. 10 will 

/ serve the purpose. For an occasional 

/ job a length of pipe on one end of 

/ / which teeth have been cut with a hack 

/ / saw, as shown in Fig. 17-10, will 

/ / answer. 

/ / The procedure in fastening together 

/ / the various elements will vary with the 

\ / size of the job. In small jobs simply 

preassemble the three lengths of con- 

Fig. 17-10.— a piece of duit, the entrance ell, and the meter 

steel pipe with teeth cut on gocket and mount thc entire assembly 
one end with a hack saw 

makes a handy tool for on the wall, using the hole through the 
briTk^waUs^*^^^^^^* through ^be starting point. 

The service switch is mounted 
rigidly and the conduit is fastened to it by the locknut and 
bushing method, which is covered in Chap. 10. The method 
of grounding will be covered at the end of this chapter. 

Pulling Wires. — It will be no great job to pull the service 
entrance wires into thc conduit. They must be continuous 
and unspliced. For a short length no fish tape will be neces- 
sary, for the wires, being of relatively large size, can be pushed 
through. Anchor them to the proper terminals on the meter 
socket; let them project out of the top of the conduit about 2 ft. 
Next shp the insulating block of the service head over the two 
wires and assemble the service head. Drip loops, as shown in 
Fig. 17-5, should be provided. The splices between the service 
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entrance ivires and the service drop wires are usually made by 
the power company. This completes the installation. 

Service Entrance Cable. — If service entrance cable is used 
in place of conduit with separate wires, the procedure is not 
greatly different. The cable is secured to the building by 
means of one of the several types of straps shown in Fig. 11-8, 
or the clip of Fig. 17-11, which has no exposed screws when the 


4 - 

-f .'c .. 

. i: 


Appleton Elee. Co, 

Fig. 17-12.— a 
typical service 
head for service 
entrance cable. 

installation is finished. The service head is slightly different 
from the type used with conduit, in that it is fastened to the 
building itself, instead of being supported by the conduit (see 
Fig. 17-12). A new type is shown in Fig. 17-13. 

Cable is attached to the meter socket by means of water- 
tight connectors, two types of which are shown in Fig. 17-14. 
These connectors incorporate soft rubber glands; as the locking 
nut or the locking screws are tightened, the rubber is com- 
pressed, making a watertight seal around the cable. In use, 
the connector is screwed into the threaded opening of the meter 
socket, the thread being treated with waterproofing compound. 
Next the cable is slipped through the rubber gland and the 
locking screws or nut taken up, making a complete watertight 



Fig. 17-11. — Clips of this kind 
are handy for fastening service 
entrance cable to the building. 
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connection. Inside of buildings watertight connectors are 
not required ; armored-cable connectors of appropriate size are 
used instead. 



Kwikon Co, 

Fig. 17-13. — A new type of service head for service entrance cable. 



M, B, Austin Co. 


Fig. 17-14. — Watertight connectors for service entrance cable. The rubber 
gland inside the connector expands when the connector is tightened, making 
the installation watertight. 

At the point where the cable enters the building, a sill plate 
is used to prevent the rain from following the cable into the 
inside of the building. One type is shown in Fig. 17-15; 




INSTALLATION OF SERVICE ENTRANCE 


277 


usually a soft rubber compound is supplied with it to seal 
any opening that might exist. 

Service entrance cable in most brands comes with a grayish 
paint finish, which permits painting to match the building 
on which it is installed. 

Large Installations. — For larger installations, the work is 
done as just outlined, except that proportion- 
ately larger conduit, fittings, cable, etc., are 
used. Table 4 of the Code (see Appendix) 
shows the size conduit required for various H 

combinations of wires. Do not overlook the . 
footnote under the table, which, for the rel- 
atively short runs as used for service en- 
trances, permits a smaller size conduit to be 
used with certain combinations of wire sizes 
than would be permitted for the same wires 
under other circumstances. 


Indoor Meters. — When the meter is in- gk 

stalled indoors, select a service switch which 
has a meter trim, or top wall, in the cabinet t ^ 
so designed that parts of it can be removed y ^ Wr 
like knockouts, permitting the bottom of the . /t 

meter to set inside the switch, thus eliminat- 

ing external w ir^s. Anchor Mfg, Co. 

Provide a place for the powder company to plate ^is^u7ed 
mount the meter; usually this consists of a at the point where 
board of sufficient size so that both the switch cable ^^enters^ the 

and the meter may be mounted thereon, building. Soft 
Anchor it to the wall by one of the methods seai^open'ing? to 
shown in Figs. 10-22 and 10-23 in connection keep out water, 
with outlet boxes. 

Wires on Side of Building. — If service conductors must 
run along the side of a building, service entrance cable may be 
used, or rubber-covered wires enclosed in conduit. Open 
wires may be used, supported at least every 9 ft. by insulators 
which separate them at least 6 in. and keep them at least 2 in. 
from the surface. When wdthin 8 ft. of the ground, open wires 
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must be run inside conduit or otherwise protected against 
mechanical injury. 

Undergrotmd Services. — Underground wires must be suit- 
ably protected against mechanical injury. Usually the service 
wires consist of lead-sheathed cable protected by conduit, 
tile duct, or similar means. Gradually becoming more com- 
mon for the purpose is Type USE service entrance cable or 



Fig. 17-16. — If underground conductors cannot bo run directly to entrance 
switch, use the construction shown in changing over from underground cable 
to the usual interior wiring. 

parkway cable (both described in Chap. 6), which have 
inherent protection against mechanical damage and need no 
further protection. 

Usually underground conductors begin aboveground at a 
pole at the power company's wires. The Code requires that 
they be given additional protection against mechanical injury 
for a distance of at least 8 ft. aboveground. This is usually a 
length of pipe or conduit. At the top end provide a service 
head. If the cable is of the lead-sheathed type, seal off the end 
with sealing compound to prevent moisture from getting in 
under the lead sheath. 

When the service entrance wires consist of underground 
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cable, there must be no underground splices, and the power 
company will probably insist that it continue in one piece 
inside the buiding up to the meter or service switch. If this 
is not possible, the construction shown in Fig. 17-16 may be 
used. In this case the underground run ends at the outlet 
box, separate wires being then continued up to the meter or 
service switch. 

Groimding. — The Code differentiates between two kinds of 
grounds: system grounds and equipment grounds. The sys- 
tem ground consists of grounding the white neutral incoming 
wire, as well as the neutral wire as it runs out of the service 
switch to the branch circuits. The equipment ground consists 
of grounding the metal parts of the service entrance, such 
as the metal box of the service switch, as vrell as the service 
entrance conduit or the armor^ of service entrance cable. If 
the branch-circuit wiring is metallic, that is, any type of 
conduit or armored cable, this metal raceway is automatically 
grounded because it is anchored to the service switch. The 
equipment ground also includes motor frames, switchboard 
frames, and similar equipment, which, however, need not 
be considered in residential wiring because, if metal race- 
way is used for branch circuits, such equipment is automati- 
cally grounded. If a nonmetal system such as knob and tube 
or nonmetallic sheathed cable is used, such miscellaneous 
equipment need not be grounded in residential wiring. 

For residential purposes system and equipment grounds are 
combined and handled by a single grounding wire. 

Method of Groimding. — The usual ground connection is to 
a water pipe of a city water system. Use the cold-water 
piping, not the hot, because the former runs more directly 

^ According to Code definition, only the type of service entrance cable 
shown in Fig. 12-6 is armored. The armor is grounded through the 
connector, the outer fabric cover being removed before the connector is 
fastened to the cable. The type shown in Fig. 12-3 has a fiat steel protec- 
tive tape, which is not armor in the sense of the Code definition, and 
grounding of the tape is not required, since it is automatically grounded 
when the neutral wire is grounded. 



280 


RESIDENTIAL AND FARM WIRING 


to the ground. Make the ground connection as close as 
practical to the meter, or if at all possible, to the street side 
of the meter; on the other hand, keep the ground wire as short 
and direct as possible. Other things being equal, it is proba- 
bly best to run the ground wire to the nearest cold-water pipe. 

In the absence of a continuous underground water pipe, the 
metal framework of a building may be used, or even the 
gas piping. The local inspector should be consulted. In 
the absence of all such objects, use an artificial ground, as 
described later. 

Grounding Wire. — The ground wire does not need to be 
insulated, although there is no objection to using insulated 
wire. It may never be lighter than No . 8, which serves the 
purpose when the largest service conductor is not heavier than 
No. 2. If the largest service conductor is No. 1 or 0, use No. 6. 
For heavier service conductors, sec Chap. 26. There is no 
objection to using a grounding wire larger than the minimum 
required by the Code. Note however that when an artificial 
ground (as described later) is used the grounding wire never 
need be larger than No. 6 (Sec. 2594). 

If No. 4 wire is used, it requires no further protection such 
as conduit; it may be run open or concealed; it may run 
directly to ground without following the exact contour of the 
building. It may be stapled to the building, but this is not 
required. Common sense, of course, dictates that it be 
guarded against mechanical injury if in a location where it 
might be disturbed. 

If No. 6 wire is used, it requires no further protection such 
as conduit, provided that it closely follows the surface of the 
building and is rigidly stapled to it, assuming further that it is 
free from exposure to mechanical injury. If these conditions 
are not met, as is quite usual, then it must be given mechanical 
protection in the same way as No. 8, which the next paragraph 
covers. 

If No. 8 wire is used (or No. 6 wire neither following the 
surface of the building, nor stapled to it), it must be run inside 
of conduit, or it may be the armored type of wire shown in 



INSTALLATION OF SERVICE ENTRANCE 


281 


Fig. 17-17, consisting of bare wire plus armor. If it is conduit, 
it must be attached to the service switch by locknut and bush- 
ing; if it is armor, with a connector of the type used on armored 
cable. At the water pipe end, either conduit or armor is 
fastened to the same clamp by which the ground wire is 
attached to the pipe. 



National Elec. Products Corp. 

Fig. 17-17. — Armored ground wire. The conductor is not insulated. 



M. B. Austin Co. 

Fig. 17-18. — Ground 
clamp for bare wire 
without protective 
armor. 



M. B. Austin Co. 

Fig. 17-19. — Ground 
clamp for armored 
ground wire. 



Af. B. Austin Co. 


P'lG. 17-20. — Ground 
clamp for use with 
ground wire run through 
conduit. 


Ground Clamps. — There is an almost endless variety of% 
ground clamps on the market, all serving the same purpose. 
Figure 17-18 shows a common clamp fitting or 

1-in. water pipe. For the smaller sizes reverse the lower 
jaw. Larger sizes are available for larger size pipe. Use it 
with bare ground wire without further protection. 

The type in Fig. 17-19 is very similar except that there is an 
extra clamp to which the armor of armored ground wire is 
clamped. The type in Fig. 17-20 is also similar except that it 
has a still larger fitting in which conduit is clamped if used as 
protection for the ground wire. 

The type of ground clamp should be carefully selected. 
The ordinary metal-strap type is prohibited by Sec. 2615. If 
the pipe to which the ground connection is made, is iron pipe, 
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the ground clamp should be made of iron. If the ground 
connection is made to copper or brass pipe, or a copper or 
copper-coated rod, the clamp should be made of copper or 
brass. Unless this point is observed, electrolytic action is 
likely to set in, resulting in a high-resistance ground which 
is not much better than no ground at all. 

Avoid Solder Connections. — The 1947 Code in Sec. 2614 
prohibits joints that depend on solder, so far as grounding 
wires are concerned. Use only joints dependent upon solder- 

less or ‘^pressure” coniiec- 



Ground 

damp 


,6rouna tors; do not use solder, 
j damp Water Meters. — It is not 


Wafer 


mefer 


unusual for a water meter 
to be removed from a build- 
-Jumper ing, at least temporarily 

Fig, 17-21. — A jumper should bo placed while testing. If the 
around the water meter. Connection is mado 

to a water pipe between the meter and some other part of the 
building, removing the meter then leaves the system 
ungrounded, which leaves a temporary hazardous condition. 

In some cases the joints between the water pipes and the 
meter are very poor joints, electrically speaking — practically 
insulated. If the ground of the electrical system is between 
the water meter and some other part of the building, it results 
in a “ ground '' apparently meeting Code requirements, but 
actually no ground at all. This is very dangerous. Therefore 
the Code in Sec. 2612a requires that when the ground connec- 
tion is not made on the street side of the water meter a jumper 
be installed across the meter, as shown in Fig. 17-21. Two 
ground clamps are used; the size of the jumper wire is the same 
as used for the ground proper. 

Most home owners have not the slightest conception of th(" 
importance of a good ground. Ground connections have even 
been removed by some misguided or uninformed home owners. 
This has prompted some wide-awake mamifacturers to provide 
with their ground clamps printed tags intended to be per- 
manently attached to ground clamps when installed, caution- 
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ing the occupant of the premises to leave ground connections 
intact, for their own safety. It is recommended that such 
tags when provided be attached to ground clamps as they are 
installed. 

Connections within Service Switch. — The neutral of most 
service switches consists merely of a strap with a number of 
terminals. This terminal strap is usually not insulated from 
the steel cabinet of the switch but di- 
rectly grounded to it; consequently the 
neutral wires are grounded to the cabinet 
when they are connected to these termi- 
nals. The service conduit is also fas- 
tened to the cabinet, as is the conduit or 
armor on the wires to the branch circuits. 

Therefore it would seem sufficient to run 
one ground wire from this neutral strap to ground, to ground 
the entire installation effectively. In practice, however, it has 
been found that the resistance created by the various locknut- 
and-bushing joints is too high; therefore the Code requires 
further bonding together. 

Grounding Bushings. — At all points where the service or 
other conduit enters the service switch, instead of an ordinary 
bushing use a grounding bushing, one type of which is shown in 
Fig. 17-22. The setscrew shown goes through the bushing 
and bites into the metal of the service switch, preventing the 
bushing from turning, thus ensuring that the joint will always 
be at least as good as when first installed. In addition, a 
bonding conductor can be clamped into the lug, and from 
there run to the neutral strap on the switch, or, as is frequently 
the case, to a grounding terminal which is provided in some 
switch cabinets, separate and apart from the neutral strap. 
In that way all parts are completely bonded and effectively 
grounded. 

The use of grounding bushings is not required when service 
entrance cable is used, unless it is the type shown in Fig. 12-6. 

Complete Ground. — A complete ground for the average 
residential job is shown in Fig. 17-23. In this picture only the 


Jlf. B, Austin Co. 

Fig. 17-22. — A ground- 
ing bushing. 
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grounded or neutral wires are shown, the ‘‘hot^^ wires being 
omitted for the sake of simplicity. Grounding bushings are 
used at points A, B, and C. Sometimes the service switch 
also has at some convenient point D a terminal which is merely 
a setscrew in the metal of the box. Wires are nm from the 



Fig. 17-23. — Typical grounding scheme at entrance switch of residential 
job. Only the grounded-neutral wires are shown. The detail used varies in 
different localities. 

grounding bushings to this point D and usually also from 
there to the neutral wire, as shown by the dotted line. 

The exact method of grounding varies considerably between 
various localities, and it is always well to consult the local 
inspector. 

Artificial Grounds, — When a city water system is not avail- 
able, a substitute or artificial ground is used. The usual 
form is a driven pipe or rod, which must go at least 8 ft. into 
the earth. Grounding to the pipe in a dug well is not recom- 
mended. Often this leads to exceptionally long ground wires; 
furthermore, wells sometimes go dry, resulting in no ground 
at all. On the other hand, if the well is a driven well located 
close to the point of the logical ground connection, its casing 
makes an excellent ground. 

Pipe may be used, provided it is galvanized and at least 
^^-in. size. Solid rod must also be galvanized and the same 
size. Copper rods or approved substitutes need be only in. 
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in diameter. The most common substitute which the Under- 
writers have approved is the Copperweld type of rod — a rod of 
steel with a layer of copper welded to the outside. 



Appleton Elec. 

Co. 

jM(t. 17-24. — A grouiidiiiK el- 
bow, geiioially UM*d with arti- 
ficial giounds when the entrance 
wiies inn tlirough conduit. 



Fig. 17-25. — lubtallation showing 
use of the grounding elbow shown 
ill Fig. 17-24. 


The Code reciuires that the ground rod or other artificial 
ground be entirely independent of and kept at least 6 ft. from 
any other ground of the type used for radio, telephone, or 
lightning rods. 

When an artificial ground is 
used, usually the ground rod is 
out-of-doors, therefore it is neces- 
sary to bring the grounding wire 
out of the building. In many lo- 
calities the inspector will require 
a special type of entrance ell similar to that shoivn in Fig. 17-9 
but with an extra opening in the bottom for the ground wire. 
This is shown in Fig. 17-24, and, in turn. Fig. 17-25 should 
make its use clear. 

When service entrance cable is used, a meter ring of the 
type shown in Fig. 17-26 is sometimes used. This is slipped 
between the service entrance cable connector and the meter 
socket or the weatherproof meter cabinet. The ground wire is 
attached to it and from there run to ground. 



M. B. Austin Co. 
Fig. 17-20. — A meter ring, 
used with artificial grounds when 
service entrance cable is used. 




CHAPTER 18 


INSTALLATION OF SPECIFIC OUTLETS 

In previous chapters installations of electrical devices were 
considered in rather general fashion; in this chapter the exact 
method of installing a variety of outlets using assorted mate- 
rials will be discussed in detail. Only methods used in new 
work (buildings wired while under construction) will be 
explained. Old work (the Aviring of buildings after their 
completion) will be described in a separate chapter. 

In wiring buildings with conduit, the conduit is installed, 
all the outlet and switch boxes arc mounted, and all similar 
details handled while the building is in the early stages. This 
is termed ^^roughing-in.’^ The wires are not pulled into the 
conduit until after the lathing, plastering, papering, and sim- 
ilar work is finished, and obviously the switches, receptacles, 
fixtures, and other devices cannot be installed until the build- 
ing is practically completed. However, to avoid repetition 
later, the pulling of the wires with the installation of the box 
will be included in this chapter. If cable or knob and tube 
systems are used, the wires are automatically installed in the* 
roughing-in process. 

Each type of outlet will be treated separately. In th(‘ 
pictures the outlet under discussion will be shown in a number 
of different ways, as follows: 

1. As it would appear on a blueprint. 

2. As it would appear in diagrammatic or scluunatic fashion 

3. In pictorial fashion using conduit. 

4. In pictorial fashion, using cable. The picture will show arinoretl 
cable, but nonmetallic sheathed cable may be used instead. 

5. In pictorial fashion, using knob and tube wiring. 

The same basic details shown in Fig. 18-1 will be used in 
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Armored cMe ^ . 
Connecfor 

Ear on box 
for cover 



^ Bushing 
Locknuf 
Conduit 


‘ Not over 12 M 


Knobs if concealed, 
cleats or knobs if open 


I ^Earonbox 
for cover 

Locknuf 
Connector 

^Thm wall 
conduit 



Fixture 


Wires cross 
not connected 


~\~ \~ 

Wires connected 
to eoch other 


Whife wire 

Black (or other color) wire 


Black Black 


Wires joined, 
all same color 


Black 



Wires joined, 
different color 





Lighting fixture, 
pull chain control 


1 

T ic* 18-1 — btudj these symbols well so that othei diagrams m this chapter 

will be clear 
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other dramngs, and since these will be smaller, the individual 
parts cannot be named as in the first picture, but will easily be 
recognized. 

In each case the two wires over which the current comes are 
labeled source. The white or neutral wire is always run, 
without interruption by a switch or fuse or other demce, up to each 
point where current is to he consumed. Joints are not inter- 
ruptions. Switches consume no current; hence the white wire 
does not run to a switch (except when using cable, which will be 
covered later). Black wires may be joined to black or red or 
other colors as the need requires, but not to white (except 
sometimes when using cable, which will be covered later). 

Ceiling Outlet, Pull-chain Control. — This is the type of 
outlet usually used in closets, basements, attics, and similar 
locations, with the wires ending at the outlet. It is the 
simplest possible outlet to wire. Figure 18-2 pictures it. At 
A is shown its designation as found on blueprint layouts; the 
wire running up to it is not shown, for, in these blueprints, 
wires are shown only to connect switches with the outlets 
that they control. At B is a wiring diagram for the same 
outlet; the light lines designate white wire, the heavy lines 
black wire, or some color other than white. 

Assume that the outlet box is already mounted in the ceiling 
by one of the methods covered in a previous chapter and that, 
if conduit was used, a box with a plaster-ring cover of the type 
that was shown in Fig. 10-13, C, was chosen. 

Installing this outlet with conduit as in Fig. 18-2, C, assume 
that the conduit has its cut ends properly reamed, that it is 
properly attached to the outlet box with a locknut and bush- 
ing, and that two wires, one white and one black, have been 
pulled into the conduit, with about G in. sticking out of the 
box. To complete the outlet, mount the fixture in one of the 
ways covered in the next chapter. 

If the fixture is one which has two wire leads (instead of two 
terminals to which the wires from the outlet box can be 
attached), the wiring is still the same except that a couple of 
splices must be made in the box, as shown in Fig. 18-2, D. 
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If thin-wall conduit (EMT) is used instead of rigid conduit, 
the same procedure as with rigid conduit prevails except that 
the threadless fittings such as were shown in Figs. 11-10 and 
11-11 are used instead of the locknuts and bushings used with 
rigid conduit. 


©« 


Source 

~) 




iMti. 18-2.— A simple hookup of a pull-chain outlet, with wires ending at that 

outlet. 


Installing this same outlet mth armored cable, as shown in 
Fig. 18-2, E, assume that the cable has been properly cut, a 
fiber bushing inserted between armor and wires, a connector 
solidly attached to the cable, and the connector in turn rigidly 
secured to the box, as was explained in a previous chapter. 
The cable must be anchored at intervals not exceeding 4}^ ft., 
and also within 12 in. of the outlet box. There is then nothing 
further to do except to mount the fixture. 
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If nonmetallic sheathed cable is used instead of armored 
cable, the only difference is that a slightly different style of 
connector is chosen. 

If flexible conduit is used, follow the procedure for armored 
cable, except that the wires are pulled into the job after 
completion. 

Installing it with the knob and tube method, as in Fig. 18-2, 
F, assume that the wires have been brought up to the outlet 
box, maintaining the proper separation between wires and from 
the surface; that porcelain knobs have been used (unless the 
\vires are exposed, in which case cleats are permissible); and 
that porcelain tubes are used wherever the wires run through 
timbers. In other words, all the points covered for knob and 
tube work in Chap. 11 must have been observed. Not the 
least important of these is that loom must be used where the 
wires enter the outlet box and that they must be supported 
within 12 in. of the box. If these requirements have all been 
met, hang the fixture. 

Same Outlet, Wires Continue to Next Outlet. — This com- 
bination is as common as the first and practically as simple. 
From the first outlet the wires continue to the next; it makes 
no difference what may be used at that next outlet. The only 
problem is how to connect at the first outlet, the wires running 
on to the second. 

This combination is pictured in Fig. 18-3 and again A is 
its designation as found on blueprint layouts, ('omparing 
this with Fig. 18-2, A, no difference will be found. This may 
be confusing, but in blueprint layouts the wires between 
different outlets are not indicated except those wires between 
switches and the outlets they control. It is up to the one 
making the installation to use his own good judgment as to 
the exact fashion of hooking together different outlets. At B 
is shown the wiring diagram for the combination. 

At C is shown the outlet using conduit. Compare it care- 
fully with Fig. 18-2, D. The new outlet. Fig. 18-3, C, is the 
same as the former except for the addition of two new wires 
running on to the second outlet at the right, and these two 
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wires have been shown in dotted lines to distinguish them 
easily from the former wires. Simply join all the black wires 
together, also all the whites; solder, tape, and the job is 
finished. 




Fig. 18-3. — The hookup bhowii in Fig. 18-2, but with the wiies ruiiniiig on to 

another outlet. 

In Fig. 18-3, D and Ej is shown the same outlet but with 
cable and knob and tube. Detailed explanation should not be 
necessary. 

Receptacle Outlet. — In Fig. 18-4 at A is shown the desig- 
nation for this outlet as found on blueprint layouts; at B is a 
wiring diagram. To wire this outlet, merely attach the wires 
to the receptacle. 

At D and E is shown the same outlet wired with cable and 
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knob and tube; these are so simple that no further clarification 
is needed. 

Receptacle Outlet, Wires Continue to Next Outlet. — In 

Fig. 18-6, A, is shown the wiring diagram of the circuit in 



{O (D) iE) 

Fig. 18-4. — Iii.stallatiou of a baseboard outl(*t. 



(B) (C) (D) 

Fig. 18-5. — Baseboard outlet, with wires running on to another outlet. 
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question. At 5, C, D is shown the actual installation using 
conduit, cable, and knob and tube; again little explanation 
should be necessary. Simply run the incoming white wire to 
one of the terminals on the receptacle, and from that terminal 
continue with another white wire to the next outlet. Do the 
same with the black wire. 

Because it is frequently necessary to do this, most recep- 
tacles are provided with double terminal screws, so that 
two different wires can be attached to the same terminal, as 



U) (B) (O 

Fig. 18-6. — Most duplex receptacles have double terminal screws, lor con- 
venience in continuing wiies on to next outlet. 

shown in of Fig. 18-6. This is much simpler than connecting 
two different wires under the same terminal screw, which the 
Code prohibits in Sec. 1117. If conduit is used, it may be 
far more convenient to pull a continuous wire from the source 
to box 1 to box 2 to box 3, than to pull one length from the 
SOURCE to 1, a second length from 1 to 2, and another from 
2 to 3. Of course, in that event a loop of wire is left sticking 
out at each box, as shown at Fig. 18-6, B, The insulation 
is then removed, as shown in B of the same picture, and 
the conductor clamped under one of the two terminal screws, 
as shown at C. This method is the preferable one. Remove 
just enough insulation from the wire so that the bare uninsu- 
lated conductor will not be exposed for any distance from the 
terminal screw after installation. 

Outlet Controlled by Wall Switch. — Naturally this is a very 
common outlet and fortunately very simple to wire. Figure 
18-7, A, shows the blueprint symbol, and B shows the wiring 
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diagram. At C is shown the outlet wired with conduit. The 
white wire is run directly to the fixture. Two blacks are run 
from the outlet box to the switch box, where they connect to 
the switch; the upper ends are connected, one to the black 
incoming wire from source, the other to the fixture, and the 
job is finished. At D is shown the optional method whereby 
one continuous black wire is brought all the way through to 
the switch box, instead of having a joint at point X in C. 

When wiring this outlet with cable, either armored or non- 
metallic, as at J5J, a difficulty is encountered. According to 
everything learned up to this point, not only the wire from the 
outlet box to the switch, but also the wire running from the 
switch back to the fixture, should be black, since neither one is 
a grounded wire. On the other hand, the cable containing 
these two wires has one black and one white wire. Should 
manufacturers, distributors, and contractors then be forced to 
stock a special cable containing two black wires, just for this 
purpose? That would be impractical. 

The Code in Sec. 200Gb permits an exception to the genei-al 
rule that the ungrounded conductor, and only the ungrounded 
conductor, must be white. This section permits for a switch 
loop (as the wiring between an outlet and the switch which 
controls it is called) the use of 2-wire cable containing one 
black, one white wire, even if its use does not fulfill the general 
rule. Under this exception the cable may be used provided 
that the black wire is made to run directly to the fixture. 
This leaves only one place to connect the Avhite wire of the 
switch loop, and that is to the black wire in the outlet box. 
This is the only case where it is permissible to connect a black 
wire to a white wire, and it pertains only if cable is used. 

Study this rule well : when using cable for a switch loop, the 
wiring up to the outlet box upon which the fixture is mounted is 
standard, including connection of the white wire from source 
to the fixture. The black wire of the switch loop connects to 
the fixture. The fixture will then have two wires connected to 
it: one black and one white. The vrhite wire of the cable of 
the switch loop is then connected to the black wdre in the outlet 
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box, contrary to the general rules, but permitted in this one 
case by Code Sec. 2006a. 

(A) 






Fig. 18-8. — Combining the outlets of Figs. 18-2, 18-4, and 18-7 into one three- 
outlet combination. 


The wiring using the knob and tube method, as shown in 
Fig. 18-7, F, is most simple, for it is exactly like the conduit 
method so far as connections and wire colors are concerned. 

Combining Three Outlets. — Three different outlets having 
been wired, they can be combined into one combination of three 
outlets, as shown in Fig. 18-8. As usual, A shows the blue- 
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print symbols, B the wiring diagram, and C the three outlets 
as wired with conduit. All the points have been gone over 
in detail, and if they have been carefully studied, this com- 
bination should present no problem. If any point is not clear, 
go back to the idea of messengers chasing each other along the 



(F) {(!> 

Fig. 18-9. — A tap made in an outlet box. 


different wires, in on the white wire from source, along that 
wire up to every point where current is to be consumed, and 
from each such point back over the black wires through 
switches, if used, until they emerge at the black source wire. 

Taps. — At times an outlet box is used merely to house a tap 
where one wire branches off from another. Sometimes, espe- 
cially in conduit work, it is difficult to pull wires into a long 
length of conduit, so a ‘‘junction box'^ is installed which 
will serve as an intermediate pulling point. Whenever a box 


298 


RESIDENTIAL AND FARM WIRING 


is used only for connections, it is always covered with a blank 
cover. The ('ode requires all junction or pull boxes to be 
placed in loc^ations permanently accessible without removing 
any part of the building (Sec. 3717). 

Figure 18-9, .4, shows how taps are indicated in blueprint 
layouts, and at B is shown the wiring diagram. At C is shown 



Confinuous (D) (O 

white 

Fig. 18-10. — Same as Fig. 18-7, except that the wires enter through the 
switch box instead of through the outlet box on which the fixture is mounted. 

the method using conduit; merely join all the white wires and 
then all the blacks. At D is shown an optional method, when, 
instead of three ends of wire of each color, one loop of each 
color is used, formed by pulling a continuous wire through the 
box, the ends of the loop being skinned and joined to the 
remaining ends of the wires to the next outlet. E and F show 
the same outlet using cable and knob and tube. 

Outlet with Switch, Feed through Switch. — Switches are 
connected to the outlet which they control in different ways. 
The SOURCE wires do not always run through the ceiling to the 
outlet box on which the fixture is installed and from there on 
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to the switch, as in Fig. 18-7, already discussed. Sometimes 
the SOURCE wires come from below, run through the switch box, 
and then on to the ceiling outlet where they end, as in Fig. 
18-10. At A is shown the usual blueprint symbol, and B shows 
the wiring diagram. At C is shown the outlet using the con- 


T 


®PS 


(A) 


Source 



i 


(B) 



Fig. 18 - 11 . — The switch controls the first fixture; wires run on to a second 
fixture which is controlled by a pull chain. 


duit system, and little explanation is needed. At D is shown 
an optional method of handling the wires at the switch box, by 
pulling the white wire straight through. The black wire is 
also pulled straight through but with a loop which is later cut, 
the two ends being connected to the switch. 

The diagram for this outlet when wired with cable is not 
shown because there is no new problem. When the cable 
feeds through the switch box, there is no diflSculty with the 
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colors of the wires in the cable as in a previous example. 
The wires can be run through to completion of the outlet 
without the need of joining black to white. Likewise when 


Q ©PS 


U) 




whife 

(O (D) 

Fig. 18-12. — This is the same as Fig. 18-11 except that the wires from source 
enter through the switch box. 


wired with knob and tube system, no problem comes up that 
has not been met before. 

Outlet with Switch, with Another Outlet. — This is simply 
a combination of two outlets that have already been covered 
separately. The wiring of an outlet with wall-switch control 
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was covered in connection with Fig. 18-7. The wiring of an 
outlet with pull-chain control was covered in connection with 
Fig. 18-2. The two have been combined in Fig. 18-1 1, the left- 
hand portion of which is identical with Fig. 18-7; to it have 
been added in dotted lines the wires of Fig. 18-2, making the 
new combination as shown. At D is shown an optional method 
of handling the wires through the outlet box, the wires from 
the fixture being connected at the points marked X. No new 
problems are involved either in the cable method or in the 
knob and tube method; for that reason they are not shown. 

If the wires from source instead of coming in through the 
ceiling outlet come in from below through the switch box, the 
problem is different in that three wires instead of two must 
run from the switch box to the first outlet box, as shown in 
Fig. 18-12, B. A good way to analyze this combination is to 
consider first the right-hand outlet with the pull chain. Both 
a white and a black wire must run to this from source, 
uninterrupted by any switch, so that the light can always be 
controlled })y the pull chain. Then run the third wire from 
the switch to the left-hand outlet to control that. 

Analysis of Fig. 18-12, C, shows that it consists of a combina- 
tion of Figs. 18-10, C (wires in solid lines), and 18-2 (wires in 
dotted lines). 

If instead of conduit, cable is used, as in Fig. 18-12, Z>, the 
problem is equally simple. If the wires are fed through the 
switch box, there is no problem in connection with the colors 
of the wires. Merely connect white to white in the switch 
box, and then continue the white to each of the two fixtures. 
The remaining colors are as shown in the picture. 

Switch Controlling Two Outlets. — When a switch is to 
control two outlets simultaneously, the connections are most 
simple. Merely wire the svritch to control one fixture, then 
continue the white wire from the first fixture to the second, 
and do the same with the black. 

As in the other pictures, in Fig. 18-13, A shows the blueprint 
symbols, B the wiring diagram, and C the combination using 
conduit. Compare this with Fig. 18-7, C; there is no difference 
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except that these wires have been continued as shown in the 
dotted lines. To avoid all the joints shown in the outlet 
box for the first fixture, several of the wires may be pulled 
through as continuous wires, making a neater job. 

0—0 Source ^ ^ 


U) (B) 



Fig. 18-13. — A switch controlling two separate fixtures. 


If using cable, there is again the problem of having to use 
in the switch loop a cable that has one black and one white 
wire, instead of the two blacks that should be used. Handle it 
as in Fig. 18-7, D. The white wire from source goes to each 
of the two fixtures. The black wire in the switch loop also goes 
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to the first fixture, then on to the second. That leaves only 
two unconnected wires, the black wire from source and the 
white wire in the switch loop; connect them together as 
before, as permitted in the Code’s exception. 

Three-way Switches. — When a pair of 3-way switches con- 
trols an outlet, there are many possible combinations or 
sequences in which the source, the two switches, and the 
outlet may be arranged; a great deal depends on where the 
SOURCE wires come in. The most common are 

Source — Switch — Switch — Outlet. 

Source — Outlet — Switch — Switch. 

Source — Switch — Outlet — Switch. 

A fourth is the sequence where the source comes into the 
outlet box, from which point two runs are made, one to each 
switch. 

These sequences are shown in Fig. 18-14, parts Al, A2, A3, 
and A4; the wiring diagrams are shown in Bl, B2, B3, and J84. 
Comparing Bl, B2, B3, and B4, you will see little difference 
except the exact location of the light which the switches 
control. 

Reviewing the subject of 3-way switches, one of the three 
terminals on such a switch is a “common” terminal, corre- 
sponding to the middle terminal of an ordinary porcelain-base 
single-pole double-throw switch shown in Fig. 4-21; this ter- 
minal is usually identified by being of a different color from the 
other two. The exact location of this common terminal with 
relation to the other two varies with different brands; for the 
purposes of this chapter, where 3-way switches are shown in 
pictorial fashion, the terminal which is alone on one side of the 
switch will always be the conunon terminal. 

Reviewing the subject a bit further, the incoming black wire 
from SOURCE goes direct to the common or marked terminal 
of either switch. From the corresponding terminal of the 
other switch, a black wire runs direct to the proper terminal 
on the fixture. From the remaining two terminals on one 
switch, wires are run to the corresponding terminals of the 
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other switch, which are the only two terminals on that switch 
to which wires have not already been connected. To complete 
the circuit, connect the incoming white wire from source to 
the fixture. 



A-3 S. 


o 


Source 



B-3 



Fiq. 18-14, Part 1. — Four different sequences of parts in a circuit consisting 
of a fixture and a pair of 3-way switches. 


With these facts in mind, the wiring of any combination of 
3-way switches with conduit becomes extremely simple. 
Assuming that the boxes and conduit have been properly 
installed, as shown in Fig. 18-14, Cl, which covers the sequence 
of Al, the white wire from source is pulled through the switch 
boxes up to the outlet where the fixture is to be used; the black 
wire from source is run to the common terminal of the nearest 















306 


RESIDENTIAL AND FARM WIRING 


3-way switch. From the two remaining terminals of this 
switch two black wires are run to the corresponding two 
terminals of the second switch. From the common terminal 
of this switch a black wire is run to the fixture. All wires are 
black, but sometimes one red wire is used for identification 
purposes; any color may be used except white. 

The wiring of the other combinations or sequences with 
conduit is equally simple if the points of the two previous 
paragraphs are borne in mind, and no diagrams are shown. 
It will be good practice to draw the circuits in fashion similar 
to Fig. 18-14, Cl. Wiring with knob and tube likewise pre- 
sents no problem, for it is a simple matter to keep the colors 
correct. 

This same combination wired with cable is shown in Fig. 
18-14, Cl;^^. Note how the white wire from source is con- 
tinued from box to box until it reaches the fixture. The black 
wire from source, as in the case of conduit, goes to the com- 
mon terminal of the nearest switch. The 3-wire cable between 
the switches contains vdres of three different colors, of which 
the white has already been used, leaving the black and the red. 
Therefore these two wires run from the two remaining termi- 
nals of the first switch to the corresponding terminals of the 
second; the red and the black may be reversed at either end, 
being completely interchangeable. This leaves only one con- 
nection to make, and that is the black wire from the common 
terminal of the second sAvitch to the fixture. 

When some of the other sequences, such as A2, A3, or A4 in 
Fig. 18-14, are Avired with cable, the usual difficulty in con- 
nection AAith the colors of the Avires in standard 2-wire and 
3-Avire cables is met. The red wire of 3-wire cable is inter- 
changeable with the black. Many times, however, advantage 
must be taken of the Codecs exception permitting, in switch 
loops, white wire to be connecj/cd to black. 

C2 shoAvs the sequence A2 and B2 of Fig. 18-14 wired with 
cable. The incoming cable from source contains one black, 
one white wire; the white runs direct to the fixture. The Code 
requires that the other wire on the fixture may not be whiter 
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consequently the black wire of the 2-wire cable that runs to 
the first 3-way switch is attached to the fixture; the opposite 
end of it is connected to the common terminal of the first 
3-way switch. That leaves in the outlet box on which the 
fixture is mounted only two unconnected wires: the black wire 
from SOURCE and the white wire of the next run of cable. 
Connect them together, contrary to the general rule, but per- 
mitted by the Code for switch loops. From the first 3-w^ay 
switch to the second, 3-wire cable is used. Since one of these 
3 wires is white, connect it to the white wire of the 2-wire 
cable and continue it on to the common terminal of the 
second switch. That leaves one black and one red wire 
between the two switches, and they are connected to the two 
remaining terminals of each switch, completing the installation. 

In wiring the sequence of ^43 and B3 of Fig. 18-14, as 
pictured in C3, similar problems arise. There is a 2-wire cable 
from SOURCE entering the first switch box; from that point a 
length of 3-wire cable runs to the outlet box in the center; and 
from there another length of 3-wire cable runs on to the second 
switch box. The white wire from source is continued from 
the first switch box direct to the fixture, as the Code requires. 
The black wire from soxjrce mns direct to the common termi- 
nal of the first switch. Going on to the fixture, the second 
wire on the fixture may not be white; therefore make it black 
and continue it onward to the common terminal of the second 
switch. That leaves unconnected two terminals on each of 
the two switches, and our problem is to connect them to each 
other. There are yet two unused wires in each run of 3-wire 
cable, a black and a red in the one, and a white and a red in 
the other. Therefore make one continuous red wire out of the 
two reds, make a continuous white-black out of the other two, 
and connect the extreme ends to the two remaining terminals 
on each of the switches, respectively. This completes the 
connections. 

In the case of the sequence of AA and BA of Fig. 18-14 
pictured in C4, the problems are similar, and the student 
should have no difficulty in determining for himself why each 
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wire is of the color indicated. The fundamental rule is that 
the white wire from source must go to the fixture, and the 
second wire on the fixture may not be white. 

Pilot Lights. — In Fig. 18-15 is shown a frequently used com- 
bination toggle switch and pilot light, together with its internal 



(jj) (F) m 


Fig. 18-15. — A switch with a pilot light. 

wiring diagram. This is nothing more or less than a separate 
switch and a separate pilot light in a single housing. The 
arrangement of the terminals on another brand may be totally 
different from that shown in the picture. A pilot light is used 
at a switch which controls a light that is not visible from the 
switch, for example, at a switch in the house controlling the 
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light in a garage; it is used simply as a reminder that another 
light is on. 

In the same figure at C is shown the blueprint symbol for 
this combination and at D the usual wiring diagram. Com- 
pare this with Fig. 18-13, it is merely a case of one switch 
controlling two different lights, one of which happens to be 
located at the same point as the switch. 

Using the conduit system, the connections are shown at E. 
The incoming white wire from source runs directly to the 
first fixture and is extended from there to the second fixture, 
which in this case happens to be the bulb in the combination 
device. The incoming black wire from source runs directly 
to the switch. From the other side of the switch, a black wire 
runs to the first bulb and from there on to the second bulb, 
finishing the job. Note in the diagram that the two black 
wires have been labeled ‘^No. 1^^ and ^^No. 2'^; the two are 
not interchangeable at the switch end. This is a good example 
of a case where it is desirable to make the third wire red for 
identification purposes, in which case the incoming black wire 
from SOURCE would run direc^tly to the switch terminal, and 
red would be substituted for the black No. 2. 

Wiring the combination wdth armored cable, as shown in 
Fig. 18-15, Fy presents no problem. If the wires from source 
come in through the SA\dtch box, the problem is still simpler, 
as G shows. 

Switched Receptacle Outlets. — There is a growing trend 
toward controlling receptacle outlets with switches, so that all 
floor and similar lamps can be controlled at one time. No 
great problem is involved; simply consider the receptacles as 
so many fixtures, and connect the devices accordingly. Go 
through the process of connecting three receptacle outlets with 
a pair of 3-way switches. There can be a great many different 
sequences of outlets and switches; that shown in Fig. 18-16 at 
A and B is perhaps as common as any. In using conduit, the 
problem is simple indeed. Run the white wire from source 
to each of the three receptacles; connect the remaining terminal 
of each of the three receptacles together with black wire, and 
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liQ. 18-16. — Switched baseboard outlets. 

continue to the common terminal of one of the 3-way switches. 
From there run two wires over to the other 3-way switch. 
To the common terminal of this second switch, connect the 
black wire from source, and the job is finished. It is pictured 
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in Fig. 18-16, C. All the necessary wires in the boxes housing 
the receptacles will badly crowd the ordinary switch boxes, 
so the preferable method is to use 4 in. square boxes with 
raised covers designed to take a duplex receptacle (see Fig. 
10-13, A). 

To wire this same combination using cable is practically 
impossible with the particular sequence showm, because it 
requires four wires at some points, and 4-wire cable is not 
stocked by dealers. Therefore when using cable, it is best 
simply to modify the sequence to that shown in Fig. 18-16, D, 
which requires nothing more than 3-wire cable. 

Two-circuit Duplex Receptacles. — When a receptacle outlet 
is controlled by a switch, there is the objection that it is 
impossible to run vacuum cleaners and similar devices without 
having the SAvitch on, nor can electric clocks be used. There- 
fore it is customary to use duplex receptacles so designed that 
one half of each can be permanent^ live for clocks or appli- 
ances and the other half switched for floor lamps and similar 
devices. A receptacle of this type was shown in Fig. 13-1. It 
differs little from the ordinary receptacle in outward appear- 
ance, but careful examination will disclose that the contacts 
in the two halves have separate terminals. Figure 18-17 shows 
the blueprint symbol in A . Note that there is no standardized 
symbol for such an outlet but that it is classed as a special 
outlet with a small subscript letter alongside it. The speci- 
fications will describe the outlet in detail. 

The wiring of this combination presents no new problem. 
The white wire from source runs to one terminal of each half 
of the receptacle; frequently both halves are internally joined 
so that there is but a single terminal which would be alone 
on one side of the receptacle. The black wire from source 
runs to the terminal of one half of the receptacle, and from 
there is continued to the svdtch. From the switch the black 
wire runs back to the terminal of the other half of the recep- 
tacle. All this is shown in B of Fig. 18-7. 

If cable is used, again the difficulty is met that one of the 
wires in the cable is white where both should be black; take 
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advantage of the Codecs special dispensation, and attach the 
white wire in the cable of the switch loop to the incoming 
black wire from source, as shown in C of Fig. 18-7. 

If 3-way switches are used, the problem of getting the colors 
correct is more difficult but may be solved exactly as in the 
case of the outlets shown in Fig. 18-4. 



Specs: 

Outlet K' Z circuit 
duplex receptacle - 
/ side switched^ 
/side alivays hot'* 

U) 




(S) 



Fig. 18-17. — Wiring 2-circuit duplex receptacles so that one half of each outlet 
is permanently connected, the other half controlled by a wall switch. 


Combining Outlets. — Just as in the early part of this chapter 
the outlets of Figs. 18-2, 18-4, and 18-7 were combined into one 
three-outlet combination of Fig. 18-8, so outlets may be com- 
bined into any desired combination with any desired total 
number of outlets, which then forms a circuit running back 
to the fuse cabinet. To add an outlet at any point, connect 
the white wire of that outlet to the white wire of the previous 
wiring, and the black wire of the new outlet to any previous 
wiring where the black wire can be traced back to the original 
SOURCE without being interrupted by a switch. Simply attach 
the new outlet at any point on the previous wiring where a 
bulb connected to the two points in question would be perma- 
nently lighted. Review Chap. 4 in connection with Fig. 4-18 
if this point is not entirely clear. 
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Testing. — When the roughing-in work has been finished, and 
before the work of lathing and plastering has been completed, 
the installation must be tested. Then in case of error or 
mishap, the wiring is still accessible for correction. With 
conduit wiring, since the wires are not pulled in until after the 
completion of the building, the test is made at that time. 

Usually the test device consists of a doorbell or buzzer in 
connection with two dry cells connected in series, as shown in 
Fig. 18-18. Tape the bell to the cells; also tape the test leads 
to the cells so that, if the entire test unit is lifted by the test 



Fig. 18-18. — Test outfit consibting of two dry edits and a doorbell. 

leads, there will be no strain on the bell or on the dry-cell 
terminals. 

Before proceeding to test, go around to each outlet, remove 
insulation from the wires, and twist together all those which 
will ultimately be permanently connected to each other, 
licave those to which a fixture or receptacle is to be attached, 
sticking freely out of the outlet. At all points where a switch 
is to be installed, temporarily twist together all the mres that 
will later be attac.hed to any one switch. Be sure that no 
exposed bare wdre is allow ed to touch an outlet box or conduit 
or the armor of cable. 

Testing Conduit Installation. — Insert fuses in their holders 
in the fuse cabinet where the branch-circuit wires are attached ; 
touch one test lead of the test bell to the white or grounded 
wire, and the other to each of the black wires for the respective 
circuits in turn. The bell should not ring; if it does ring it 
indicates either a short circuit from the white to the black 
wire somewhere in the circuit, or a ground from the black wire 
to the conduit, possibly at an outlet box where the black 
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skinned wire is allowed to touch the metal of the box or con- 
duit. If this test checks, remove the bell from the dry cells 
and attach the two leads from the dry cells to the black and 
white wires of one circuit. Then take the bell to each outlet 
where a fixture or receptacle is to be installed. Touch it across 
the black and white wires; in each case it should ring, just as 
the bulbs in your fixture or floor lamp will later light when 
attached to the same wires. Of course, this assumes that 
previously all the wires which go to any one switch have been 
temporarily twisted together, thus duplicating the condition 
of all switches turned on. After each check across the black 
and white wire at each outlet, touch the bell across the black 
wire and the outlet box itself; the bell should again ring because 
through the conduit all the boxes are connected together and 
grounded, and the white wire in turn is also grounded. The 
bell will probably not ring loudly because of higher resistance 
through the conduit than through the wire, but it should ring 
nevertheless. In making this test, if the conduit and boxes 
have black-enamel finish, it will be necessary to s(;rape off 
some of the enamel before touching the bell to the box, for 
the enamel is an insulation which might prevent the l)ell from 
ringing. If the bell rings feebly, a poor job has been done 
somew^here; probably the locknut on one or more boxes has 
not been run dowm tightly enough. Grounding is a safety 
precaution and must be properly done. If the bell rings at 
each point, the wiring is all right. 

Testing Armored-cable Installation. — The test is exactly 
the same as with conduit. 

Testing Nonmetallic Sheathed Cable and Knob and Tube 
Installations. — Since the outlet boxes are not connecited to 
each other, the bell cannot ring when touched to the black 
wire and the box. However, the remainder of the test is the 
same as with other systems. 

If all tests check, proceed to finish up the installation as 
covered in the next chapter. 
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CHAPTER 19 


FINISHING: INSTALLATION OF SWITCHES 
AND OTHER DEVICES 

In the previous chapter the roughing-in of a considerable 
assortment of outlets was considered. Assume that the house 
has been finished and is ready for the installation of the 
switches and receptacles, the wall plates, the fixtures, and 
so on. 



Fig. 19-1. — The device is mounted on the switch box but the wall plate is 
mounted on the device. 

Installing Switches, Receptacles, etc. — Every device of this 
kind is provided with a metal strap which has holes in the 
ends, so spaced as to fit over the holes in the ears of a switch 
box, on which it is mounted by means of machine screws that 
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come with the device. The wall plate in turn is anchored to 
the device, not the box (see Fig. 19-1). 

For a neat installation, the strap of the device must be flush 
with the front of the plaster. Since the plastering is done 
after the swit(;h boxes are installed, the front edges of the 
boxes are not always flush with the plaster; usually they are, 
and should be, a trifle below the surface of 
the plaster. Other means must therefore 
be used to mount the devices flush with the 
plaster. A simple method is to insert small 
washers between the box and the strap of 
the device; most devices include a number 
of washers for that purpose. Some devices 
come equipped with “plaster ears^^ on the 
ends of the strap, as shown on the switch in 
Fig. 4-6. These ears lie on top of the 
plaster, automatically bringing the device 
flush with the surface. Usually the metal 
is scored near the end of the strap so that 
the ears can easily be broken off if they arc 
not required. 

Neatly installed devices must be straight 
up and down; often the boxes arc not en- 
tirely straight. For this reason the mount- 
ing holes in the ends of the mounting strap are not round but 
elongated, so that the device itself can be mounted straight 
even if the box is not straight. A glance at Fig. 19-2, which 
(exaggerates the usual condition, should make this clear. 

In attaching wires to the terminals of devices, cut off any 
excess of wire sticking out of the box, leaving only enough to 
make it easy to make connection to the terminals. Excess 
wire crowds the box and sometimes makes it difficult to insert 
the device with any amount of clearance. Use care in attach- 
ing the wires to the terminals, skinning off only enough insu- 
lation to make the connection. The insulation of the wire 
should extend up to the terminal. There must he no bare wire 
exposed between the terminal and the end of the insulation. 


c: 
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Fig. 19-2.— The 
straps which sup- 
port wiring devices 
have elongated 
holes in the ends, 
to permit vertical 
mounting even if 
the boxes are not 
mounted straight. 
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Soldering. — At this point all the wires that need to be 
permanently joined must be soldered. The method used has 
already been covered in a previous chapter. For soldering 
wires at the ceiling, a solder pot of the type shown in Fig. 19-3 
will be very useful. The solder in the pot is melted by means 
of the usual blowtorch. 

Attaching Wall Plates. — ^After the 
device has been installed in a switch 
box, a wall plate must in turn be at- 
tached by means of the screws that 
come with the plate. If the device 
has been properly mounted, the plate 
will fit snugly against both the device 
and the wall. If the, device has been 
mounted slightly below the surface of 
the plaster, do not pull up too tightly 
on the screws holding the plate, for 
this will distort or damage the plates; 
it is not unusual to crack the bridge 

X-lCr. lt»-0 — -rt-hUlUUI Uip- 

in the center of a bakelite duplex re- per handy m soldering 
ceptacle plate by puUing up loo " 

tightly. If the switches, receptacles, 

or other devices have plaster ears, the problem is automatically 
solved. If they do not have such ears, it is best to use spacing 
washers between the outlet box and the strap of the device, in 
order to bring the device flush with the plate. 

If the box is of the 2- or 3-gang type with a number of 
separate devices, the mounting of the plate will not be entirely 
simple, because of the elongated holes in the mounting holes 
of the individual devices, as mentioned in an earlier paragraph. 
These elongated holes are a tremendous advantage in mount- 
ing devices in a single-gang box; they are a nuisance in multi- 
gang boxes, because they permit mounting several devices so 
that they are not entirely parallel with each other, as com- 
pared with the absolutely parallel openings in a 2- or 3-gang 
plate. The only thing that can be said about mounting 
devices in multi-gang boxes is that extreme care must be 
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used to see to it that all the devices are absolutely straight 
up and down, that is, that they are absolutely parallel to each 
other; then the holes for screws in multi-gang plates will auto- 
matically match up with the tapped holes in the straps of the 
individual devices mounted in the multi-gang boxes. Unless 
this precaution is observed, a great deal of time will be wasted 
in trying to insert screws through openings for them in plates, 
into corresponding holes in devices under the plate, which 
holes however will be found to be displaced far enough so 
that the mounting screws will enter with great difficulty 
(which tends to crack the plates) or not enter at all — there 
may be no visible holes for them to enter. 

Wiring Lighting Fixtures. — The fixture may have two ter- 
minals for attaching the wires, in which case the white wire 
goes to the wffiitish terminal, the black Avire to the other ter- 
minal. More often the fixture has tw^o wire leads. If these 
are black and wffiite, there is no problem. Usually they con- 
sist of fixture wire, as described in Ciiap. 0: one of theun a 
solid color, the other of the same color but identified with a 
colored tracer in the outer fabric. The identified wire with 
the tracer is the neutral and corresponds to the wffiite wire in 
the outlet box. In case identification is not positive, trace the 
wires down into the fixture; the one that connects to the outer 
screw shells of the individual sockets is the neutral. 

Hanging the Fixture. — There are many ways of mounting 
lighting fixtures, all dependent on the style and weight of the 
fixture, the particular box involved, and the method of mount- 
ing the box in the ceiling or wall. 

Simple fixtures sometimes mount directly on top of outlet 
boxes by means of bolts which fit into the ears on the boxes. 
This method is shoAvn in Fig. 19-4 and reejuires no further 
description. At times the fixture is too large to permit direct 
mounting in this fashion, in which case a strap is used, as 
shown in Fig. 19-5. The strap is first attached to the outlet 
box, the fixture attached to the strap. A detailed explanation 
should not be necessary. 

As often as not, a fixture stud, such as is shown in Fig. 19-6, 
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is used in mounting the fixture. The stud is attached to th(* 
bottom of the switch or outlet box by means of bolts, through 
holes provided for the purpose. Some boxes have the stud 
as an integral part of the box. If a hanger of the types that 



Fig. 19-4. — Simple fixtures are mounted directly on the box. 



Fig. 19-5. — Oft(*n larger fixtures arc mounted on a strap, the strap then being 
mounted on the box. 



All-Steel Equip. Co. 

Fig. 19-6. — Fixture studs are mounted on the bottom of boxes, to support 

fixtures. 

were shown in Fig. 10-10 is used, the stud that is part of the 
hanger goes through the center knockout in the box, serves 
to anchor the box to the hanger, and at the same time permits 
the stud to be used for supporting the fixture. The outside 
of the stud is tapped to fit ?8-in. trade-size pipe; sometimes 
there is an inner female thread fitting J'^-in. trade-size pipe. 
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Figure 19-7 shows the fittings usually used, called the 
lockup unit.” It consists of a reducer fitting over the fixture 
stud, a length of 3'^-in. running-thread pipe, and a nut to 
hold the assembly together, the nut usually being of an orna- 
mental nature and then called a ‘^finial.” Figure 19-8 shows 
the same parts used to hold up a simple fixture. It is a simple 



Fict. 19-7. — A typical lockup unit foi mounting binall fixtuies. 



Fig. 19-8. — This .shows the paits of Fig. 19-7 l)eing used to hold up a fixture. 

matter to drop down the fixture while making connections, 
then to mount it on the ceiling. 

Assuming that the fixture is a larger unit, such as the con- 
ventional five-light drop or a similar type, the mounting is 
similar, and Fig. 19-9 should make it clear. The top of the 
fixture usually consists of a hollow stem with an opening on 
the side through which the two wires from the fixture emerge. 
The top of the stem is threaded to fit on the fixture stud, 
and the mounting is as shown in the picture. The canopy is 
dropped down while the connections are being made and slipped 
back flush with the ceiling when that detail is completed. 
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Sometimes the wires from the fixture come out of the end of 
the stem instead of through an opening in the side. In that 
case a “hickey," shown in Fig. 19-10, is used between the end 



Fig. 19-9. — The usual inetliod of mounting laiger fixtures. 



Fig. 19-10.- A 
hickey, used between 
fixtuie stud and the 
end of the stem on the 
fixture. 


Fig. 19-11.-- 
In deep boxes it 
may be neces- 
sary to use an 
extension piece 
over the fixture 
stud. 


of the stem and the fixture stud. Sometimes the stud is too 
short or the box too deep, in which case an extension piece, as 
shown in Fig. 19-11, is used. Fixtures weighing more than 
50 lb. must be supported independently of the outlet box 
(Sec. 4132). 
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Mounting Wall Brackets. — The method of mounting 
depends to a large degree on the type of box used. Many 
brackets today are of rather dainty design, too narrow to cover 
up a 4-in. or even a 3K-in. octagon box, so it has become 
customary to provide standard switch boxes on which to 
mount wall brackets. Sometimes a stud is mounted on the 






M. B. Austin Co. 

Fig. 19-12. — Fixture straps are mounted on switch or outlet boxes, and tlie 
fixture is then supported by the strap. 



Fig. 19-13. — Wall bracket 
mounted on switch box by means 
of fixture stud in bottom of box. 


Fig. 19-14.- Wall bracket 
mounted on switch box by means 
of fixture strap mounted on box. 


bottom of the box; in that case the mounting is completed 
with the lockup device that was shown in Fig. 19-7, the com- 
pleted installation having the appearance shown in Fig. 19-13. 
More usually a fixture strap, such as shown in Fig. 19-12, is first 
mounted on the switch box, the fixture in turn being mounted 
on the strap, all as shown in Fig. 19-14. 

Even more convenient is a special type of switch box that 
incorporates a movable bridge, as shown in Fig. 19-15, Very 
similar is the cover fitting on top of a 4 in. square box, with a 
similar movable bridge, as shown in Fig. 19-16. Either of 
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these devices is most handy when mounting brackets “ 
because they can then be adjusted to precisely the same height 

above the floor. 



AlUSteel Equip. Co. 


Fig. 19-15,- Switch boxes 
with movable bridges are 
most convenient in adjust- 
ing a pair of brackets to 
exactly the same height. 



AlUSteel Equip. Co. 

Fig. 19 - 16 .— When square boxes 
are used instead of switch boxes, thi.s 
cover serves the same purpose as the 
box at the left. 


Adiustiag Height of Fixtures.-A fixture with chain is 
adjustable as to the height above the floor and to compensate 
for ceilings of different heights. The height is simply co 
trolled by removing as many chain links as required, 
actual height will be governed by personal preference ai^d 
location. If the fixture hangs above a dining-room tabl , 
hang it at least 24 in. and preferably 30 to 36 in. above t 
table. Again this will be dependent upon the type of fixture, 
the ceiling height, and similar factors. 
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MISCELLANEOUS WIRING 

In the wiring of average homes there are a number of prob- 
lems that are not readily grouped with those discussed in 
any of the previous chapters. Accordingly they have been 
gathered here into a separate chapter. 

Electric Ranges. — The problem of wiring for ranges, from 
the service entrance up to the fuse cabinet or circuit breaker, 



Bryant Elec. Co, 


Fig 20-1 — Heavy-duty leceptaclcs in flush and suifacc types, in homes 
used almost exclusively for ranges, wluch aie connected to them by moans 
of tlie pigtail shown. 


has already been covered. From this point onward the wiring 
is most simple. Practically all ranges are 115 /230-volt devices. 
When they are turned on at maximum heat, they operate on 
230 volts; when on low heat they operate on 115 volts. There- 
fore it is necessary to run three wires to the range. 

The Code provides that there must be a disconnecting means 
for every permanently installed appliance rated above 1,650 
watts. This may be a cord and plug arrangement, and this is 
usually used for ranges. Figure 20-1 shows several heavy- 

324 



MISCELLANEOUS WIRING 


325 


duty 3-wire 50-ainp. receptacles, as well as a 3-wire plug with 
attached pigtail leads. The receptacle is installed at the point 
where the range is to be located. From the receptacle three 
wires are run back to the fuse cabinet or circuit breaker. 

The wires may be any type used for. house wiring, such as 
rubber-covered wires in conduit, knob and tube, or armored 
or nonmetallic sheathed cable. Service entrance cable may 
also be used (Code, Sec. 3382), in which case the bare con- 
ductor must be used as the continuation of the incoming neu- 
tral wire. Service entrance cable may be used in interior wiring 
only in connecting electric ranges, never for other purposes. 

As to size of wire for serving an electric range. No. 6 with 
a No. 8 neutral is commonly used; No. 8 with No. 10 is often 
acceptable (see page 201). 

The 1947 Code in Sec. 2560 provides that the frame of an 
electric range must be grounded. This may be done by 
running a wire from the frame to ground, or by grounding 
the frame to the neutral wire serving the range. No other 
appliance or device may be grounded in this latter fashion. 

Water Heaters. — Water heaters are almost invariably 
designed to operate on 230 volts and are never combination 
115/230-volt devices like ranges. Therefore only two wires 
are required, which may be any style, as used for ordinary 
wiring. The white neutral wire is not run to the water heater; 
consequently, if cable is used which has one white and one 
black Avire, it is necessaiy to paint the ends of the white wire 
black (Code, Sec. 2006a). 

A disconnecting means is required, and this is usually a 
switch of the type shown in Fig. 20-2. However, any switch 
rated at more than the maximum amperage consumed by the 
heater may be used. It must be a double-pole two-fuse switch. 
If leads are run from the switch back to fuses in the fuse cabinet 
or to a circuit breaker, the switch need not be fused. If, how- 
ever, they run to a separate meter, then the switch must be 
classified by the Underwriters as a service switch and must 
be rated at least 30 amp. ; it must be fused (for the size fuse 
to use, see Chap. 12). 
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Low-voltage Wiring. — In this term is included wiring for 
doorbells and other signals, thermostats, and similar devices 
operating at low voltages. Usually this means 30 volts or less. 

The power for operating such circuits is usually derived from 
small transformers. Under no circumstances may low-voltage 
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Kig. 20-2. — Electric water heateit> lequiie a disconnecting switch on tho 
Older of that shown heie. 



Fig. 20-3. — If low-voltage wires enter the same box with regulai wiring, 
the two must be separated by a steel barrier. A common use for such 
barriers is in connection with radio aerial installations. 


wires be run in the same conduit or armor or cable with other 
wires carrying full voltage. They must come no clost'r than 
2 in. to other wires unless such wires arc in conduit. Where 
the wires come closer than 2 in., use loom or porcelain tubes 
over the low-voltage wires. They may never enter an out- 
let or switch box carrying full-voltage wires unless a metal 
barrier of the same thickness as the walls of the box separates 
the two types of wiring. In Fig. 20-3 is shown a steel barrier 
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to fit 4 in. square boxes. Note how it is scored at the top so 
that part can be broken off, thus making one barrier fit covers 
of various depths. Their use is shown in the same picture. 
Similar barriers are available to fit other styles of boxes. 

Transformers. — If only the usual doorbells and buzzers are 
to be operated, ordinary doorbell transformers of the type 
shown in Fig. 20-4 are used. The type shown at A is the sur- 


face type used in connection 
with knob and tube work; 
that at B is mounted on a 
combination cover which fits 
any type of outlet box. 
When mounted on top of the 
outlet box, the 115- volt wires 
are concealed inside the box, 
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KUlark Elec. Mfg. Co. 


and only the low-voltage ter- 
minals are exposed. Such 
transformers have a maxi- 


Fiq. 20-4. — Typical transformers 
for operating doorbells and similar 
equipment. 


mum capacity of about 5 watts and usually deliver somewhere 
between 0 and 10 volts. They are suitable only for operating 
a single device at a time. 

Larger transformers are available which give a combina- 
tion of voltages such as 6, 12, and 18, while again others are 
available in larger wattage capacity. 

Transformers of this type are so designed that, even in case 
the secondaiy is short-circuited, the current flowing will be 
limited to the rating of the transformer. Such transformers 
are usually rated not over 100 volt-amp., and the type used 
for residential wiring is seldom over 25 volt-amp. Because 
of this limited current there is no danger of fire, and because 
of the low voltage there is no danger of shock. Therefore the 
Code has no limitations on the type wire used or the installation 
of it, except those points brought out in the previous paragraph. 

The wires used for low-voltage work require and have little 
insulation. Ordinary bell wire or ‘^annunciator wire,^’ as it 
is formally called, consists merely of the bare copper with two 
layers of cotton, wrapped in opposite directions, then paraf- 
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fined (see Fig. 20-5). Two or more of these wires are often 
twisted together, with an over-all braid, forming what is known 
as ‘thermostat cable; it is shown in Fig. 20-6. Each wire in 


U, S, Rubber Co, 

I'lG. 20-5. — Wire for low-voltage signal systems such as doorbells requires 

little insulation. 


U, S, Rubber Co, 

Fig. 20-0. — Thermostat cable consists of a number of wires of the type shown 

in Fig. 20-5. 


the cable has a different color braid for ease in identification. 
Use of this cable makes a much neater installation than use of 
two or more separate wires; there is also less danger of damage 
to the wires, which would be 
more a nuisance than a hazard. 

The usual size of the wire is No. 

18, although No. 19 is also used, 
and the heavier sizes are avail- f 





/ZJ 

Push buttons 


S, H. Couch Co. 

Fig. 20-7. Bell wire .and thermostat 
cable are mounted by means of insulated 
staples. 



] Transformer 


Leads to t/Sv.A.C 


Fig. 20-8. — The basic diagram for 
a doorbell is most simple. 


able. The size must be chosen to match the length of the run, 
the load, and the voltage available. For ordinary residential 
use. No. 18 is universally used. 

In use this wire is merely run over the surface or fished 
through walls without further protection. It is stapled to 
the surface over which it runs with insulated staples of the 
type shown in Fig. 20-7. 
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Low-voltage Circuits. — It is a very simple matter to draw 
circuits for low-voltage work. Simply consider the trans- 
former as the SOURCE for the circuity and consider the push 
buttons as switches, which they are. The basic circuit is 
shown in Fig. 20-8. Disregard for the moment the dotted 
lines, and the circuit becomes most simple. If the bell is to 
be controlled from a number of different push buttons, merely 
add additional buttons as shown in the dotted lines. 



^Combmation 
1 bell omd buzzer 



\Unmsulaieci 

terminal 


I ] Transformer 


Fio. 20-0. — At left is the diagram for a separate bell and buzzer operating 
off the same transformer, and at right the diagram for a combination bell 
and buzzer. 


Figure 20-9 shows at A a similar circuit but with both a bell 
and a buzzer, the former for the front door and the latter for 
the back door. At B is shown the same circuit using the 
familiar combination bell and buzzer. This device has three 
terminals. One of the three is usually a terminal screw that is 
fastened directly to the frame of the device, not insulated from 
it in any way. This is the terminal that runs direct to the 
transformer; sometimes it is the middle terminal, as shown in 
the drawing, sometimes it is one of the other terminals. The 
two remaining terminals go directly to the two push buttons. 

Additional buzzer circuits may be operated from the same 
transformer, as required. Mount the buzzer where desired; 
run a wire from one terminal direct to the transformer or, for 
that matter, to any other handy near-by wire that runs direct 
to the transformer; from the other terminal of the buzzer run 
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a wire to the push button, and from the push button back to 
the other side of the transformer or, if handy, to a near-by 
wire that runs directly to the other side of the transformer. 



Edwards & Co, 


Fig. 20-10- — Push buttons aie a\ailablo in many styles. 


A common use for such an aiixiliaiy buzzer system is from a 
button under the dining-room table to the buzzer in the 
kitchen. The same buzzer used for the back door could be 
used, but it will be found more convenient to have a separate 

buzzer which will have a different 
tone, so that it can be distin- 
guished from the back-door 
buzzer. 

Types of Push Buttons. — Sev- 
eral types of buttons, both surface 
and flush mounting, are shown in 
Fig. 20-10; there is a great variety 
of sizes, shapes, and finishes to 
suit the user. For apartments 
the buttons are usually built into 
the combination mailbox, directory, and entrance telephone or 
speaking tube. A floor-tread button of the type shown in Fig. 
20-11 is used under the rug at the dining-room table to oper- 
ate the kitchen buzzer; being about 4 in. in diameter, it will 
operate regardless of the point where the pressure is applied. 

Types of Bells. — The ordinary bells and buzzers are none 
too attractive in appearance, for which reason a type has been 



Edwards & Co, 
Fig. 20-11. — A floor-tread 
type of button. It is used 
under the rug and operated by 
the foot. 
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developed which fits inside ordinary switch and outlet boxes, 
being then covered with louvered covers far neater than exposed 
bells. An assortment of the devices is shown in Fig. 20-12, 
while Fig. 20-13 shows an installation. Note the barrier sepa- 



Edwards <Sb Co, 

KiCr. 20-12. — Flufeh, concealed bellb, and similar devices aie fai neater than 
the ordinary type. 

rating the 115-volt wires up to the transformer from the low- 
voltage wiring to the devices. 

Becoming rapidly popular are the chime-type signals which 
produce a veiy pleasing note or combination of notes. These 
are available in a great variety of sizes and shapes, and two 



All-tSttU Equip. Co. 

lio.. 20-13. — An installation of the devices shown in Fig. 20-12. Note the 
steel hairier separating low-voltage from the regular wiring in the 4-gang 
box. 

of them are shown in Fig. 20-14. Most of the better chimes 
made today operate off ordinary doorbell transformers. Only 
the most elaborate ones require a larger transformer delivering 
about 20 volts; usually if such a transformer is required, it is 
included with the merchandise. 

Telephones. — In ordinary residential work, too frequently 
no attention is paid to telephones, leaving the problem of 
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installation strictly up to the telephone company. It does a 
good job, but still in many cases an exposed run of wire remains 
in view. Therefore in more pretentious homes it is customary 
to install a length of conduit terminating in a switch box at the 
location or locations where the instruments are to be installed. 



NuTone Chimes, Inc 



Edwards <& Coi 


FiCi. 20-14. — Chimcb give soft, melodious notes and aie iileasing in appearance. 


Usually the switch box is covered with a special wall plate 
with a single opening. 

Radio Wiring. — Ground wires and leadins from radio aerials 
are, in most homes, distinct eyesores. This problem should be 
solved while the house is under construction. Special radio 
outlets are available, usually in the form of combined radio 
and power outlets, such as that shown in Fig. 20-15. The 
upper end consists of a 2-way outlet for aerial and ground, 
with a special* plug so constructed that it cannot possibly be 
inserted into any other receptacle. It is also available with a 
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3-way outlet for the modem type of aerial which has two 
leadins. The bottom half of the outlet is an ordinary electri- 
cal outlet. The two halves are separated by a barrier as 
required by the Code. 

In use the radio leadin and the ground wire are brought up 
to the outlet through the wall. Certainly 
this is more attractive than having them 
come through, for example, a living-room 
window. 

It is well to install such outlets at a num- 
ber of points where a radio might be used, 
not overlooking the bedrooms and the 
children's room. 

Door Switches. — A most handy switch 
for closets is the built-in door switch. 

One of these was shown in Fig. 13-3. 

Opening the door turns on the light; clos- 
ing the door turns it off. All switches of 
this type are still decidedly expensive; 
when they become available at a reasonable 
price they will achieve the popularity they deserve. 

Interchangeable Devices. — Several switch boxes can be 
joined together to make one 2-gang or 3-gang or even larger 
box, permitting two or three or more switches, receptacles, 
and similar devices to be used side by side. However, the 
more devices used side by side, the larger the wall plate 
becomes, until it arrives at the stage where it becomes 
unsightly. Sometimes there is not sufficient room for a 
3-gang plate at a particular point on a wall where three 
switches are to be used. Even if there is room, the holes in 
the mounting straps of the switches are, as already explained, 
oval, making it none too easy to mount three switches in a 
3-gang box so that a 3-gang wall plate will later fit easily 
and neatly. Therefore it is not surprising that there were 
developed devices very small in physical size so that two or 
three can be used in a single-gang switch box. 

One type consists of two devices on a single strap, in various 



Arrow-Hart & Hege- 
man Co, 


Fig. 20-15.— Tho 
upper outlet of this 
receptacle is for radio 
aerial and ground. 
The lower is for 
regular 115-volt use. 
A steel barrier sepa- 
rates the two. 
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combinations such as outlet and 1-pole switch, outlet and 
3-way switch, two switches, switch and pilot light, and similar 
combinations. Several of these are shown in Fig. 20-16. This 
type of combination device has the advantage that ordinary 



Circle F Mfg. Co. 

Fig. 20-16. — Combination units of this kind are often a great convenience, 
especially where space is limited. 

duplex-receptacle wall plates fit, not necessitating the purchase 
of special plates. 

A similar line is produced with three devices on a single 
strap. The combination might be three single-pole switches, 
or two single-pole and a 3-way, or an outlet and a switch and 
pilot light. 



Arrow- Hart <fc Hegeman Co 

Fig. 20-17. — In this type three device.s on a .single .stiap can be installed in a 
single-gang box. A great many combinations are available. 

Hundreds of combinations are possible, and the more popu- 
lar ones are stocked by the manufacturer. Special wall plates 
are required and an assortment of both the plates and the 
devices is shown in Fig. 20-17. 

A line of devices is also available in which the individual 
units are separate and made up into any desired combination 
by the user or contractor. Basically there are a dozen or so of 
assorted devices, each available separately; an assortment of 
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them is shown in Fig. 20-18. They are mounted in the field 
on the skeleton strap shown in ^ of Fig. 20-19, to which they 
are simply and quickly anchored as shown in B, In turn, the 
wall plate of C is mounted on the strap, making the finished 
product shown in D of Fig. 20-19. 

If three or six devices are used, it usually leads to a rather 
crowded condition of the switch box because of the great 

if \ 

' y :? 

Pass & Seymour. 

Fkt 20-18. — Separate devices of this style are assembled on the job into any 
desired combination. 



Pass & Seymour, 

iA) {B) (O (D) 

Fig. 20-19. — The devices of Fig. 20-18 aie a.3sembled on a s>keletoii strap as 
shown in steps above. 

number of wires involved. It is very desirable therefore to use 
a 4 in. square box with a raised cover. If the cover which was 
sho^vn in A of Fig. 10-13 is used, three devices will be accommo- 
dated; if the double type is used as shown at B, a total of six 
devices will be accommodated. 

Laundry Receptacle. — Section 2124b of the 1947 Code 
requires for the first time that the receptacle of the laundry 
‘'shall be of the 3-pole type designed for grounding.’^ This 
type of receptacle will accept a 3-prong plug. In use, two of 
the prongs on the plug are connected to the two usual wires 
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running to the appliance, for example, the motor of the wash- 
ing machine. The third prong of the plug is connected to a 
third wire in the cord, which at the motor end is connected 
to the frame of the motor. In the receptacle the third open- 
ing contains clips connected to ground. When the 3-prong 
plug is inserted into the 3-prong receptacle, the motor frame 
is automatically grounded. This makes a much safer instal- 
lation than is otherwise possible; for in case 
of a defective motor or other appliance, the op- 
erator is definitely protected against shock. 
This requirement will undoubtedly save many 
lives by its safety provision. 

On the other hand, note that the Code does 
not make grounding of the third terminal com- 
pulsory. It is the hope that most installations 
will actually have the third terminal grounded, 
as a safety measure, and some future Code will 
no doubt require it. It must be noted too that 
even if all laundries wci’e today equipped with 
those 3-prong receptacles, the fact remains that 
very few indeed of the appliances being manu- 
factured today are equipped with 3-wire cord 
and 3-prong plugs. That will undoubtedly 
lead to the use of receptacles similar to the one 
shown in Fig. 20-20, which is so designed that 
either the ordinary 2-prong or special 3-prong 
plugs may be used in connection with it. It is usable with 
present-day appliances equipped with 2-prong plugs and future 
appliances equipped with 3-prong plugs. 

Plug-in Strip. — No matter how many receptacle outlets are 
provided in a home, there never seem to be enough. There- 
fore it will be well to consider, at least for better class homes, 
the material known as ‘^plug-in strip.^' This is pictured in 
Fig. 20-21 and consists simply of a steel channel with a 
bakelite cover providing outlets at regular intervals. The 
spacing varies, but for homes 18 in. is popular. The strip is 
installed in continuous lengths around the room — sometimes 



General Eleo 
trio Co, 


Fig. 20-20.— 
This receptacle 
will accommo- 
date either oi- 
dinary 2-prong 
plugs, or special 
3-prong plugs 
which permit 
grounding of 
the appliance 
involved. 
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on top of the baseboard, giving the effect of being part of it; 
sometimes imbedded in the plaster so as to be flush with it. 
Connections are made to the back of the channel with conduit 
or cable, as to an outlet box. 



National Elec Products Carp 

J 1 C 20-21 — Plug-in strip piovides outlets at very frequent intervals making 
a most flexible and adequate installation 



V i(j 20-22 — In assciublmg diop cords, provide aii Underwriters’ knot at each 
end of the cord 


Drop Cords. — In making up a drop cord, assemble the parts 
so that their eight is supported, not by the copper conductor 
of the lamp cord used, but rather by the entire structure of the 
lamp cord, including the insulation and the braid. The 
simplest way of doing this is to properly install an Under- 
writers^ knot at top and bottom. This knot is simply made, 
as Fig. 20-22 shows The drop will be supported from the 
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ceiling by a blank cover with a bushed hole in the center, 
mounted on any type of outlet box. With open knob and 
tube, wiring rosettes, such as were shown in 
Fig. 11-41, are used. 

Garages. — Garage lighting may (*onsist of 
a single light, or it may incorporate a num- 
ber of lights with an outlet for a trouble 
light of the type shown in Fig. 20-23, or for 
a battery charger or similar device. At least 
one of the lights should be controlled by 3- 
way switches at both house and garage. 

If the light is to be controlled only at the 
garage, onl}'' two wires are required from the 
house to the garage. An outlet may also 
be installed, as shown by dotted lines in Fig. 
20-24. 

If the light is to be controlled ))y 3-way 
switches in house and garage, then three' 
M'ires must be run, as shown in Fig. 20-25. 
If the wires shown in dotted lines are disregarded, this 
becomes identical with Fig. 4-22, the basic diagram for 3-way 
switches. If, however, an outlet is installed as shown in the 
< House >’ <r 6 a rage >- 



Fig. 20-24. -Simple gai age circuit. The light is controlled only by the switch 

in the gaiago. 

previous diagram, the outlet will be disconnected with the 
light when it is turned off at either end. This is undesirable 
because, for example, the outlet may be used for a charger 
which is to charge the battery in the car overnight, and the 



Monowatt Elec. Corp, 

Fig. 20-23. — A 
trouble light of 
this kind is almost 
a necessity m any 
garage; provide an 
outlet for it. 
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< House > 


< Garage ^ 



Fig. 20-25.-- The garaji:c light ia now controlled from either house or garage. 
The outlet is always on. This requires four wires between house and garage. 


< House — — 



Fio. 20-26. — The same eireiut hhown in Fig. 20-25, with the addition of a 
pilot light in the house to indicate whether the garage light is on or not. 
This requires five wires. 


House >- 


-<• Oarage 



Fig. 20-27. — This circuit using only four wires serves the same purpose as 
the circuit of Fig. 20-26 using five wires. 
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light should not bum all night. Therefore a fourth wire as 
shown in dotted lines in Fig. 20-25 is necessary, making the 
outlet strictly independent of the switches and the light con- 
trollable from either end. A 'Hrick^' circuit permits using 
three wires instead of four, but it definitely violates Code 
requirements in several important respects and is an unsafe 
circuit. 

Very desirable also is a pilot light at the switch in the house 
(see Fig. 20-26). If the dotted lines are disregarded, the result 




Fig. 20 - 28 . Several ways of having wires enter the garage. The same 
jnethodh are used for other wiring, for example, farm buildings. 

is the same as the former circuit of Fig. 20-25. To add the 
pilot light, run a fifth wire as shown in dotted lines. 

Whereas the circuit shown in Fig. 20-26 is the usual one 
when 3-way switches are used, plus a pilot light at the house 
end, plus a permanently live receptacle at the far end, there 
is another circuit available which requires only four wires 
instead of five. It nevertheless meets Code requirements and 
therefore may be used. It is shown in Fig. 20-27. It requires 
a bit more care in installation to make sure that all connec- 
tions are correct. 

If the wires to the garage are run overhead, they must be 
securely anchored at each end. Any of the insulators shown 
in Fig. 17-6 or 17-7 in Chap. 17 may be used. Where the 
wires enter or leave a building, any of the methods shown in 
Fig. 20-28 is suitable. A most convenient fitting to be used 
at that point is shown in Fig. 20-29 and shown installed in C 
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of Fig. 20-28. In any event always provide a drip loop in the 
wire so that rain will not follow the wire into the building. 

Underground Wires, — If wires are to be run underground, 
several problems beyond those discussed in earlier chapters 
arise. For alternating-current systems, the Code in Sec. 3018 
requires that if a metallic raceway is used all 
the wires of a circuit must be in a single race- 
way. This includes armored cable, lead- 
sheathed cables, metallic parkway cables, and 
other similar metal-clad constructions. Such 
cables with more than three conductors are 
practically unobtainable when needed. There- 
fore when more than three conductors are 
needed, such cables cannot be used. If, how- 
ever, cables involving no metal in their armor 
or sheath are used, two 2-wire cables may be 
used in place of one 4-wire; one 2-wire and one 
3-wire cable may be used in place of one 
5-wire. 

The simplest method is to use as many single-conductor 
lengths of Style USE entrance cable (Fig. 6-9) as required, 
buried directly in the ground. The construction and use of 
this and other underground installation methods have already 
been covered in Chap. 6. 

Outdoor Wiring. — In most installations the outdoor wiring 
is limited to garage wiring, already described, and perhaps an 
outdoor outlet for Christmas-tree lights and similar purposes. 
A convenient unit for this purpose, shown in Fig. 20-30, fits 
flush on the wall and has a flapper-type cover which covers the 
outlet when not in use. Another, sho^vn in Fig. 20-31, is 
mounted on an outlet box; there is a screw cover to cover up 
the outlet when not in use. Outdoor wiring for farms will be 
covered in a separate chapter. 

Festoon Lighting. — At times it will be necessary to install 
temporary decorative or other outdoor lights fed by overhead 
runs. This type of lighting is termed ‘^festoon lighting^' by the 
Code. The minimum size wire that may be used is No. 14, 





IV 

Kmark Elec. Mfg, 
Co. 

Fig. 20-29.— 
This wall type 
entrance fitting 
is most con- 
venient for 
bringing wires 
into outbuild- 
ings. 
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except that, in Christmas-tree outfits approved by the Under- 
writers as complete assemblies, No. 18 may be used. The 



Ktllark Elec. Mfg. 
Co. 


Fig. 20-30.— 
Outdoor outlet. 
The cover closes 
autorn aticallv 
when the outlet 
is not in use. 



Arrow-Hart & Hege- 
man Co. 


Fig. 20-31. — An- 
other type of out- 
door outlet. The 
cover IS screwed on 
when outlet is not 
in use. 



Monowatt Elec Corp. 

Fig 20-32.— Tyr)i- 
cal weatheipioof 
socket foi outdoor 
use. Note the 
groove for a shade 
holder. 



Pass & Seymoui. 

Fig. 20-33. — Insulating block foi 
suppoitmg streamers on “messengei 
wires”; required on runs of over 
40 ft. 


wires must be supported on insulators at each end, and the 
sockets must be of a type approved for outdoor use, usually 
of the type shown in Fig. 20-32. 

If the span is over 40 ft., the electrical wires alone may not 
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be depended upon for mechanical strength, but they must be 
supported by a messenger cable, which is usually a steel wire 
of some kind. The electrical wires are supported from the 
messenger cable at intervals by means of suspension cleats, 
one type of which is shown in Fig. 20-33. The individual 
socket leads must be soldered to the wires, and the points of 



PttS 


Pass & Seymour. 

Fitj. 20-34. — In this weathcrjn'oof socket, stranded wires are laid in the 
grooves of the socket and the cover is screwed on. The sharp points puncture 
the insulation and make contact with the conductor. 

attachment must be staggered, so that the soldered joint in 
one wire will not come directly opposite that in the other wire. 
The wires must clear the ground by a minimum of 10 ft. in 
residential neighborhoods and by 12 ft. in all other localities. 

A pin-point type of socket, as shown in Fig. 20-34, is very 
handy for streamers in that no soldering is necessary. The 
wires are merely laid into the grooves in the device and the 
cover is screwed on. This causes the pin points to puncture 
the insulation and make contact with the conductor of the wire, 
making the assembly shown. Only stranded wire may be used 
for the purpose. 
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OLD WORK 

In old work, or the mring of buildings completed before 
the wiring is started, there are few electrical problems that 
have not already been covered. Most difficulties can be 
resolved into pioblems of carpentry, in other words, how to get 
wires and cables from one point to another with the least effort 
and minimum tearing up of the structure of the building. 

In new work it is a simple matter to run wires and cables 
from one point to another in the shortest way possible; in old 
work considerably more material is used because often it is 
necessary to lead the cable the long way around through chan- 
nels that are available, rather than to tear up walls, ceilings, 
or floors in order to run it the shortest distance. 

No book can give all the answers as to how to proceed in old 
work; here the common problems will be covered, but con- 
siderable ingenuity must be exercised in solving actual prob- 
lems in the field. A study of buildings while they are under 
construction Avill help in understanding what is behind the 
plaster in a finished building. 

Conduit Method. — It is impossible to use conduit in old 
work without practically wrecking the building. It would be 
used only where a major rebuilding operation is in process, and 
installation then is as in new work. 

Knob and Tube. — Since the Code requires that all wires 
fished through walls must be enclosed in separate continuous 
lengths of loom, this method will not be found very practical 
because the cost of two lengths of rubber-covered wire and two 
lengths of loom is at least as much as and usually considerably 
more than the cost of an equivalent length of armored or non- 
metallic cable. The cable is easier to handle and more quickly 
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installed. For these reasons the knob and tube system is little 
used in old work. 

Cable Wiring. — The usual method of wiring in old work is 
Avith armored or nonmetallic cable. This material is easily 
fished through the walls and other spaces. It is sufficiently 
flexible so that it will go around comers without much difficulty. 

Cutting Openings. — To cut good openings for outlet and 
switch boxes in walls requires a certain amount of skill and a 
generous measure of common sense. The openings must not 
be oversize and must be neatly made. Start by marking the 
approximate location of the box, and, if possible, allow a little 
leeway so that the opening can be moved a trifle in any direc- 
tion from the original mark. First make sure there is not a 
stud or a joist in the Avay; usually thumping on the Avail or 
ceiling Avill disclose the presence of timbers. Then dig through 
the plaster at the approximate location and probe until the 
space betAveen tAvo laths is found; then go through completely. 
It Avould be AA^ell to reach through this opening and, AAdth a 
stiff AA^re or similar instrument, probe to right and left to con- 
firm that there is no stud or similar obstruction. Assuming 
that everything is clear, mark the size of the final opening and 
proceed Avith the actual cutting, AA^hieh is done AAuth a hack- 
saAV blade, Avith the teeth pointing backAvard, the opposite of 
the usual fashion. The cutting is done as the blade is pulled, 
not AA^hen pushing the blade aAA^ay as in usual saAAfing. If an 
attempt is made to saAV in the usual Avay so that the Avork is 
done Avhile pushing the blade into the Avail, there is great 
danger that the lath A\dll be pulled aAA^ay from the plaster on 
either side of the opening, Avith the result that there may then 
be a considerable area of plaster unsupported by lath inside. 
While saAving, hold the hand against the plaster so that it is 
rigid; otherwise there is a tendency for the plaster to be pulled 
off the Avail. 

Temporary Openings. — The openings covered in the pre- 
ceding paragraph are openings into Avhich a box will later be 
fitted. In old work it is often necessary to cut temporary 
openings in odd places to make it possible to pull cable, for 
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example, from the ceiling around the comer into a wall. The 
cable does not go through the opening; the opening is merely 
used to get at the cable during the pulling process to help it 
along, or to get around obstmctions in the wall. Such open- 
ings must of course be repaired when the job is finished. 



Fig. 21-1. — Sections of wallpaper are easily removed temporarily. Using 
the top of the cut section as a hinge makes it easy to restore the wallpaper 
to its original condition, after the installation. 

If the room is papered, the paper must be carefully removed 
in one place and then reinstalled so that the paper will look 
hke the original installation. This is easily done. With a 
razor blade cut the two sides and the bottom of a sciuare, but 
not the top. Apply moisture with a rag or sponge, soak the 
cut portion, and after the paste has softened, lift the cut por- 
tion, using the uncut top as a hinge. Fold it upward, and 
fasten to the wall with a thumbtack. These steps are shown 
in Fig. 21-1. 

When the opening in the plaster is no longer needed, it is 
easily patched, using plaster of Paris or a ready-mixed plaster, 
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which need only be mixed with water, and set. The same 
mixture is used to fill the openings around switch and outlet 
boxes, for the Code does not permit open spaces; the plaster 
must come up to the box. The section of wallpaper is replaced 



All-Steel Equip. Co. 

Fig. 21-2. — In old work, shallow boxes are permitted where the use of 
standard boxes deep would result in injury to the structure of the 

building. 

by applying fresh paste and letting down the hinged section 
which was loosened and pinned up while the opening was 
being made. 

Mounting Outlet Boxes. — For new work the Code requires 
outlet boxes with a minimum depth of 1}/^ in.; for old work 



Fig. 21-3. — In mountinT^ boxes directly on the ceiling, attach them to a 
substantial timber where possible. 

this requirement is waived when use of deeper boxes leads 
to injury of the building. Boxes }i in. deep are therefore 
commonly used. Two of these are showm in Fig. 21-2. If 
the outlet box is located so that it can be attached to a joist 
or similar substantial timber, install as shown in Fig. 21-3. 
In similar fashion a box may be mounted directly on lath even 
if it is not backed up by a joist, as shown in Fig. 21-4. How- 
ever, this method is to be discouraged because, if a fixture of 
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any substantial weight is attached to the box, damage to the 
ceiling mav follow 


Lcffh 



Fig 21-4 — If iiecessiiv to mount boxes diiedh on lath ittafh them to 
two laths not to only om This distiibiites the weifjht of the hxtuio on 
1 wo instead of one 1 ith 

■ 

Appleton Elec Co 

Tig 21-5 — An old-woik h ingei is veiy handy in mounting a box on the 

ceiling 

By fai the simplest method is to use one of the old-work 
hangei s show n in Fig 21-5 The method of its use is shown in 
steps in Fig 21-5A First a hole is made in the ceiling at the 



Locknut on Box(shatlov^) 

hanger stud 


(O 

I iG 21-6A — Installing an old-work hanger When the job is finished the 
hangei should he at light angles to the lath 

propel place Then the hangei is slipped into the hole, note 
that the hangei has a length of wire attached to the stud so 
that it IS not easily lost inside the ceiling or wall It is then 
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pulled back by this wire, and the stud only is allowed to project 
from the opening in the ceiling. Turn the bar crosswise so that 
it lies at right angles to the lath; this will later distribute the 
weight of the fixture over a number of laths instead of throwing 
it all on one or two as is the case when the box is mounted 
directly on lath. Remove the locknut from the stud, slip 



Fm. 21-0. — The mounting ears on switch boxes are reversible. In the 
position at A they are used in mounting boxes on lath under the plaster. 
Ileversc them as shown at B for mounting on wallboard or similar material. 

the stud through the (center knockout of the box, tighten the 
locknut on the stud inside the box, and the job is finished. 

Regardless of the method of mounting, the cable must be 
attached before the box is mounted in place. This, in the 
case of ceiling outlets and in similar cases where the cable 
comes in through the bottom, is no problem. Be sure that 
the cable connector is rigidly anchored to the cable and that 
the locknut on the connector is securely driven home before the 
box is finally mounted. 

Often the flooring above the ceiling in which the box is to be 
installed can be lifted temporarily (as will be explained later). 
This makes possible a simple installation using a straight bar 
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hanger, used as was shown in Fig. 10-12. Cut an opening in 
the ceiling for the box, install the box on the hanger, the ends 
of which have been bent upward, and nail the hanger with the 
box into place. 

Mounting Switch Boxes. — The mounting ears on the ends of 
switch boxes are adjustable to compensate for various thick- 



Fig. 21-7. — In cutting the opening for a switch box, do not cut away two 
complete laths. Cut away one and a portion of each of two others. 

nesses of plaster. They are also completely reversible, as 
Fig. 21-6 shows. In the position in which they come on boxes 
and as shown at A, they are used for mounting such boxes on 
plastered walls. The ears are fastened to the lath and are of 
such proportions as to bring the front edge of the box flush 
with the plaster surface. 

In cutting the opening for the switch box, take into con- 
sideration the dimensions of the box compared with the width 
of lath. The ordinary switch box is 3 in. long, while two laths 
plus three spaces between laths measure more than 3 in. If 
two full laths are cut away, it will be diflScult to anchor the 
switch box by its ears on the next two laths, for the mounting 
holes on the ears will then come very close to the edges of 
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the laths, which will split when the screws arc driven in. 
Cut one lath completely and remove part of the width of 
each of the two adjoining laths; this should be clear from 
Fig. 21-7 



Appleton Elec, Co, 


I Hr 21-S A hangci for mounting a bVMtch box on wallboaid 

If the box is to be mounted on wallboard, or similar material 
over which there is no plaster, then the mounting ears are 
reversed, as was shown in B of Fig. 21-6, thus bringing the 
front edge flush with the surface. There are also available 
special hangers for supporting sAvitch boxes on AA^allboard and 
similar materials; the pictures of Fig. 21-8 should make their 
use clear. 

If the cable runs into the bottom of the box, there is no 
problem involved in cutting the right size of opening. If, 
however, the cable runs into knockouts in the end of the box, 
as shoAvn in Fig. 21-7, it is not so simple. If the cable is 
rigidly attached to the box Avith a connector before the box is 
mounted, then it aauU no longer be possible to get the box into 
the opening — the cable is in the way. If the opening is made 
big enough so that a box that has been preassembled Avith 
cable and connector Avill slip through easily, there will be a 
very sloppy fit that no self-respecting Avorkman will tolerate. 
To do a good job, folloAv the procedure outlined in Fig. 21-9. 
Cut the opening only big enough for the box, plus about in.. 
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or the thickness of the wire inside of the cable. Leave a 
generous length of wire sticking out of the cable. Attach the 
connector to the cable, remove the locknut from the con- 
nector. When ready to install the box, let the wires stick 
out of the opening in the wall, with the connectors inside the 






Ftg. 21-9. — Installing switch box in opening. Tlio cable is attached by means 
of locknuts after the box is slid into the opening. 

wall. Push the wires through the knockout into the box, and 
grasp them inside the box. Push the box into the wall; 
there will be room at the ends of the opening for the wires to 
slide through into the wall. When the box is in its opening, 
pull on the wires, pulling the connector into the knockout; 
then slip the locknut over the connector and tighten. 

Cable behind Baseboard. — ^Assume that there is a wall 
])racket in the middle of a wall, already wired and controlled 
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by a switch on the fixture, but that now it is to be controlled 
by a wall switch several feet to the left, but on the same wall. 
This is a relatively simple job (see Fig. 21-10). First cut the 
opening for the switch box at D. Then remove the baseboard 
running along the wall at the floor, and cut two holes B and C 
behind the baseboard. Then from B to C, cut a groove or 
trough in the plaster between two laths; if the plaster is not 
very thick, it may be necessary to slice away part of the laths. 



Fig. 21-10. — Often the cable is concealed in a groove in the plaster behind the 

baseboard. 


In any vvent, the trough must be big enough to receive tlu^ 
cable, as shown in the cross-sectional view of the same picture. 

When this has been done, prepare a piece of cable long 
enough to extend from A to B to C to Dj with a connector at 
each end ; remove the locknuts. Remove the fixture at point 
A; remove a knockout from the bottom of the outlet box on 
which the fixture is installed. Then push a fish wire with a 
hook bent on the end, through the knockout in box A, down 
toward B. Reach into opening B with another piece of fish 
wire again with a hook on the end. It will not be difficult 
to hook the two pieces together so that by pulling at B the 
first piece is pulled in a continuous length from A to B. 
Attach the cable to the fish wire, and pull it into the wall 
through opening B until the end appears at A, Pull it into 
place so that the connector slides into the knockout in A, 
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tighten the locknut, and the job is finished at A except for 
connecting the wires. Next drop the fish wire in opening D 
until it appears at C, and fish the cal)lo up inside the wall 
until it emerges at D, in the meantime laying the cable securely 
into the trough from to C to take up slack. Anchor it 
at D so that it cannot be lost inside the wall ; replace the base- 
board. Use extreme care that nails are not dnven through 
the cable. All that remains to be done is properly to attach 
the cable to the box at D, mount the box, and install the 
switch. 

Cable behind Molding. — If there is a molding around the 
room at the ceiling, as is frequently the case particularly in 

older houses, a considerable amount 
of labor and material is often saved 
by laying the cal)le in a trough be- 
hind this molding, instead of behind 
baseboard. This is particularly tnu^ 
if cable must run around two sides of 
a room having doors which vould 
interfere if it were i-un behind the 
baseboard, or a vindow which would 
prevemt its Ixaiig run straight down 
inside the Avail to the baseboard (see Fig. 21-11). 

Cable through Attic. — In single-story houses, or Avhen Avork- 
ing on the second floor of tAVo-story houses, it is general!}" 
entirely practical to run cable through the attic. It is a simple 
matter to lift a few boards of the usual rough attic flooring and 
lead the cable around, to avoid all openings in the walls of the 
living quarters except the opening for boxes. No baseboards 
need then be lifted. It may require a fcAv feet more of cable, 
but the saving in labor more than offsets this. Always 
explore this possibility before proceeding Avdth a more difficult 
method. For example, in Fig. 21-10 the cable is run from out- 
let A to attic, under the attic floor over to a point directly 
above outlet D, and there dropped down to D. 

Cable through Basement. — In Aviring the outlet of Fig. 21-10 
it will frequently be found possible to nin the cable through 


Plasi-er 
^ Cable 


Piefure 

Tnolding 


Fig. 21-11. — In older 
lioUHCs, cable can sometimes 
be run in a troup:h cut behind 
a pictuie moldinf?. 
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Plaskn 


the basement, going straight down below point B into the 
basement, then over toward the left, then upward again at 
point C. More usually there will be obstructions in the walls 
not making this possible in such 
simple fashion. 

If the point where the cable is 
to run down into the basement 
IS on an outer wall, the construc- 
tion is apt to be something on 
the order of that shown in Fig 
21-12 In that case bore a hole 
with a long-shank electrician^s 
bit, of the type shown in Fig 
21-13, either upward as indicated 
by arrow A or downw^ard Irom a 
point behind the baseboard, as 
indicated by arrow B, after re- 
moving the baseboard. If the 
cable is to enter the basement 
from an interior wall, it is usu- 
ally possible simply to bore 
directly upward from the base- 
ment, as shown in Fig 21-14. 

Cable around Comer Where 
Wall Meets Ceiling. — Figure 

21-15 show^s this problem: how^ to lead cable from outlet A in 
the ceiling to outlet B on the wall around the corner at C. 
At first gbiiice this may seem difficult, but it is relatively 



Fig 21-12 — Boring thiough 
obstructions The actual con- 
struction found will vary a great 
deal. Most pi oblems m old-work 
wiring aie problems of caipentrj 


Oreenlee Tool Co, 

Fig. 21-13 — Electrician’s bit and extension. 

simple. In houses that are not very well built, there may be a 
clear space at the corner C, In that case push a length of 
fish wire with a hook on the end into the ceiling at A until 
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the hook is somewhere around 



Fi<;. 21-14. — Sometimch obstruc- 
tions cun be cleared by }>oring up- 
ward from the basement. 


pulled through. Much pati 
work. 


C, Then push another length 
of fish wire upward from B un- 
til the hook touches the floor 
above. With one man at A 
and another at B, it becomes 
simply a problem of fishing, 
jiggling, pulling, and twisting 
the two lengths of fish wire 
until the hook on one catches 
the other. Then pull at B 
until there is a continuous 
length of fish wire from A to 
By attach the cable to the fish 
wire at A, and pull it into po- 
sition. It will not come too 
easily around the corner at C, 
but, with help at it can be 
ce is the greatest asset in this 



Fig. 21-15.— To get cable Fig. 21-10. — An enlarged 

from A to B an opening must view of point C in the 

often bo made through ob- picture at the loft, 

structions at C. 


If the house is well built, there will be an obstruction at 
point C, Any one of a dozen different types of construction 
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may be used; that shown in Fig. 21-10, which is simply an 
enlarged view of point C, is typical. The usual procedure is 
to make a temporary opening in the ^^all at point C, but on 
the opposite side of the wall, away from opening B. Bore 
upward with a long-shank electrician’s bit, as shown by the 
arrow No. 1. Push a length of fish wire into this hole until 
the end emerges at A. If the opening at C is large enough, 
push the other end of the wire downward to B, and pull the 



Iio. 21-17. — Sometimcb tempoiaij opeiim# 2 :s can best be made behind a 

molding. 


loop that is formed at C into the wall by pulling at either 
.1 or B; there A\ill then be a continuous fish wire from A to B 
A\ith which to pull in the cable. More usually the hole at C 
will be small; hence use two lengths of fish wire. Push one 
through from C to A, leaving a small hook at C just outside 
the opening. Push another length from C to B, again leaving 
the hook just outside the opening at C. Hook the two hooks 
together, pull at JB, and it is a simple matter then to pull the 
longer wire from A through C to B and, with this, to pull in 
the cable. 

If there happens to be another wall directly above point C, 
it may be better to bore down from above at a point behind 
the baseboard, as indicated by arrow 2. In that case fish 
wire is pushed down from above through the bored hole to JB; 
another length from A toward C; when the hooks at the ends 
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engage, pull down at B until a continuous piece of fish wire 
extends from A through C to B, 

If there is a molding around the room at the ceiling, it is 
usually better to remove the molding and to chisel a hole in 
the corner, probably chiseling away a portion of the obstruc- 
tion, to provide a channel for the ca])le, as indicated by the 



Fig. 21-18— Piohlerii ii cable fiom a sei oiicl flooi paitition into 

fii st floor par titioii 


arrow in Fig 21-17 When the molding is leplaced, tlie cable, 
if it projects a bit, is concealed 

Cable from Second Floor to First. — II the fust llooi parti- 
tion is directly below the second floor partition, it is usually 
simple to bring the cable through by boring, as indicated by 
arrows 2 and 3 (or 3 and 4) in Fig. 21-10. Use good judgment 
so that the holes will lie so far as possible in approximately the 
same plane, thus simplifying the fishing problem. An opening 
behind the baseboard is usually necessary. 

If the first floor partition is not directly below the second 
floor partition, handling as indicated in Fig 21-18 wdll usually 
solve the problem. Bore holes as indicated bv the two arrows 
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Lifting Floor Boards. — In many cases the outlet and switch 
boxes may be so located with regard to wall and ceiling obstruc- 
tions that it is necessary to lift hardwood floor boards in the 
floor above. This should be avoided if possible, but where 
necessary use extreme care in lifting the boards so that when 
replaced there will be no visible damage to the floor. Attic 



Fig. 21-19. — Steps in lifting and leplacing floor boards. 


flooring is simply lifted, but the usual hardwood floor with the 
tongue-and-groove construction presents more of a problem. 

It is necessary to first chisel off the tongue on one of the 
boards. The thinner the chisel used for the purpose, the less 
the damage that will be done to the flooring. A putty knife 
with the blade cut off short and sharpened to a chisel edge 
makes an excellent chisel for the purpose, and a thinner one is 
not obtainable. Drive it down between two boards, and cut 
off the tongue (see Fig. 21-19). This should be done to the 
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entire length between three joists, although the picture shows 
only two joists. Having the cut section extend over a longer 
space gives the advantage of a better footing when the board 
is reinstalled. In cutting off this tongue, the exact location 
of the floor joists can be determined and in this way points 
A and B in the picture located. Bore a small hole at these 
two points next to the joists, and with a keyhole saw cut 
across the boards as shown. 

The board can then be lifted, the electrical work done, and 
later the board replaced. It mil be necessary to attach cleats 



All-Steel Equip Co 

Fig. 21-20. — Extension rings are handy in adding new outlets to existing 


outlel s. 

to the joists for the floor board to rest on, at the cut ends. 
Anchor these cleats securely so as to give the cut board a really 
solid footing. The bored holes are later filled with wooden 
plugs. 

Extension Rings. — In old work it is often desirable to be 
able to extend a circuit beyond an existing outlet. If the 
wiring is entirely flush, it might entail considerable carpentry 
if the new outlet were also to be made flush, and at least in 
certain types of work (such as basements) it will be entirely 
acceptable to have the new outlet of the surface type. In that 
case an extension ring of the type shown in Fig. 21-20 is used. 
Extension rings are, to all intents and purposes, outlet boxes 
without bottoms, and they are available to fit all kinds of 
outlet boxes. 

Their use should be made clear by the same picture. Simply 
mount the extension ring on top of the existing outlet box and 
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from there proceed as in any exposed wiring. The extension 
ring is covered with a blank cover, or with the fixture or other 
device that may have been installed on the original outlet box. 

Use Common Sense and Patience. — No book can outline 
all the problems in carpentry that will be encountered in old 
work. The method of construction of houses varies Anth the 
age of the house, the general sturdiness of the building, the 
skill and integrity of the builder, and many other factors. 
Plenty of patience, coupled with a generous measure of “horse 
sense, ” is the greate.st asset in old-work Aviring. 



CHAPTER 22 


FARM WIRING 

In the average city home, the various electrical devices and 
appliances arc purchased primarily for the convenience and 
utility which their use provides. On the farm the same 
devices are also used, but in addition many others are found 
which are used in the business of farming — devices which are 
bought, not so much for their mere convenience, hut rather 
as an investment on which the farmer expects dividends. 
Into this classification fall such things as milk coolers, milking 
machines, cream separators, hammer mills for chopping fodder, 
silo fillers, corn shellers, water heaters to provide scalding hot 
water for the dairy, water heaters which during the winter 
keep water for chickens at a temperature which experience has 
shown will promote egg production, and dozens of others. 

The wiring of farms involves all the problems so far discussed 
as well as a considerable number of new ones. The maximum 
wattage in use at one time is apt to be considerably larger than 
in city homes because of the liberal use of motor-driven devices. 
There is a great deal of outdoor wiring, either overhead or 
underground, between the various buildings. Substantial 
distances are involved, Avhich means that wire sizes must be 
carefully watched, both to avoid voltage drop and for mechani- 
cal strength. Relatively poor grounding conditions are usual. 
These and other factors mil be separately considered in this 
chapter. 

Service Entrance. — If the installation is a very small one, 
the service entrance will be the same as in ordinary residential 
wiring. The barn and other buildings will be served by one or 
two circuits fed from the fuse cabinet or circuit breaker in the 
house. (Service entrance cable may be used from the fuse 

36? 
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cabinet or circuit breaker inside the house, to a point outside 
the house, where the overhead wires run on to the other 
building.) This will not permit many motor-driven devices 
to be used. Generally speaking this scheme should be used 



General Elec. Co. 

Fig. 22-1. — Ueally adequate wiiing is necessary if large iiiotois aie expected 
to do their woik properly. 

only if nothing but lights and very small motors are contem- 
plated at the other buildings. Remember, however, that plans 
change. Sooner or later loads at other buildings will be much 
greater than originally planned, and expensive rewiring will 
then be required. 

On most farms the maximum amount of power used at one 
time will be at some point other than the house. If the service 
entrance wires are run to the house, and wires of sufficient size 



364 


RESIDENTIAL AND FARM WIRING 


are run from there to the other locations, more material, 
including heavier wires, would then be required. Certainly 
the installation will not be as neat as it might be — too many 
wires leading back and forth. The present trend is to end the 
power company’s wires at a pole located at some convenient 
point in the yard. The meter is located on the pole ; one set 
of service wires runs from the polo to the house (terminating 
in service switch, main fuses, branch-circuit fuses, etc.), and 
another set of service wires runs from the pole to the barn 
(also terminating in service switch, main fuses, branch-circuit 
fuses, etc., as in the house). In other words there are two 
independent service entrances, one at the house and one at 
the barn, both fed through a single meter. 

The meter on the pole may be one of the outdoor type, 
which was shown in Fig. 17-1, or the indoor type enclosed in 
a weather-proof cabinet, as was shown in Fig. 17-2. Practice 
varies from locality to locality with regard to switching, fusing, 
and grounding at the pole. In most cases the service wires 
run througli the meter, being neither switciied nor fused, but 
sometimes grounded. The trend also is to ground the equip- 
ment at the meter. (Consult the local insi)cctor, the power 
(‘ompany, or the R.E.A.^ project superintendent. 

A typical installation of this kind is shown in Fig. 22-2. At 
A is shown a top view, for clarity’s sake showing only one A\'ire; 
at B is shown a side view. Usually the neutral wire is th(‘ 
topmost of the three; note that it is continuous although a 
tap is taken off to run down to the meter. The service head 
should have five openings in the insulating block, for there 
are five wires in the conduit: one neutral, two “hot” service 
wires down to the meter, and two “hot” wires from the meter 
up to the wires leading to the house and barn. The Aviring 
diagram at C should make this clear. 

An installation problem exists in connecting the wires at the 
top of the pole. They will be heavy solid wires (weatherproof 
wires are seldom stranded), and soldering would be difficult, 
even in an ideal location; the wires being located at the top 

^ Rural Electrification Administration. 
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of a pole makes the job even harder. The use of split-shank 
type connectors such as were shown in Fig. 8-22 will be 
found to be entirely practical and will save much time. 

As to wire size, too much cannot be said in favor of the 
heavier sizes. Certainly nothing smaller than No. 6 should 
be used, permitting 60-amp. service. Number 4 with a carry- 
ing capacity of 70 amp. (85 amp. if Type IIH), or No. 2 with 
95 amp. capacity (115 amp. if Type RH), would be more 
appropriate, for although a 60-amp. installation was con- 
sidered generous 5 or 6 years ago, it will certainly not be long 
})eforc the 100-amp. installation will be considered standard 
for most farms, at least those on which the owner appreciates 
the importance of electricity in the business of farming. 

The GO-amp. installation will provide all th(j needed capacity 
for a farmhouse^ but it leaves little extra capacity for the farm 
proper, where electric power is needed for the farming bvsmcssy 
for motors of every description, heaters for dairy, and many 
similar purposes. Installing a 100-amp. service in the begin- 
ning, even if its full capacity is not immediately utilized, 
is inexpensive insurance that electric power will be utilized to 
maximum advantage. 

Entrance at House and Bam. — The entrance at the house 
(and usually also the one at the barn) is installed in the same 
way as the standard service entrance already discussed in 
Chap. 17. Weatherproof wires are run overhead from the 
pole to both buildings and securely anchored. In most cases 
a minimum of No. G will be required both for mechanical 
strength and to avoid voltage drop. Since the spans may be 
as long as 150 ft., sturdy insulators are necessary and secondary 
racks of the type shown in Fig. 17-7 are usually used. In some 
localities the spacing between insulators must be 8 in. ; those 
with 43 ^- or 6-in. spacing are usually acceptable. If the span 
is over 150 ft., usually an extra pole must be installed for an 
extra support. 

From the point where the wires are attached to the house or 
bam, conduit, or more usually service entrance cable, is run 
to the service switch and fuse cabinet, as covered in Chap. 17. 
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Use Nonmetal System. — The Code in Art. 300 definitely 
recommends a nonmetal system, in other words nonmetallic 
sheathed cable (or knob and tube), for locations where a good 
permanent ground is not found. Certainly farms fall into 
that classification; hence conduit and armored cable are seldom 
used for farm work. The reasons for this are not hard to 
understand. In bams considerable moisture is always present, 
and in addition there are other corrosive vapors such as, for 


Barn wall 



Fia. 22-3. — If there were no break in the armor, the aeeidental ground shown 
would blow a fuse. Since the armor has a break, a hazardous condition exists. 

example, ammonia from the urine of animals. This quickly 
attacks the conduit or metal armor, so that the life of the 
metal is relatively short. As the metal raceway rusts out, it 
may open the continuous ground that otherwise exists from 
outlet to outlet in the usual metallic system. If an accidental 
ground occurs in such a system at a point beyond the break, 
and a person or an animal touches a part of the metal raceway 
above the break, the circuit is completed through the body 
with at least an unpleasant, if not a dangerous, shock. Figure 
22-3 should make this clear; the ground through the body 
is equivalent to touching both wires and may be equally 
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dangerous. Many dairy animals have been killed every year 
through just such occurences — metallic systems apparently but 
not actually giounded. For these reasons the nonmetal sys- 
tems are recommended for such locations. 

The objection can be raised that, even if nonmetallic cable is 
used, dangerous conditions can and will still arise when an 
accidental ground happens to oc(*ur inside one of the usual 





Porcelain Products, Inc 


Fig 22-4 -Poicelaiti outlet boxes aie becomiiiK vei\ popular for fiiin use. 
Tliev mike a wiiing b\ stern tompletch iionmctalln 


metal outlet boxes; anyone touching the outlet box is then 
still subject to the same shocks encountered vith a metal 
system with the metal raceway eaten through as outlined in 
the previous paragraph. To this objection there is no good 
answer, with the result that nonmetallic outlet and switch 
boxes and covers have been developed to make the entire sys- 
tem nonmetallic Such boxes are usually made of porcelain 
or bakelite, and Fig. 22-4 show^s an assortment of them. 
They are used like other boxes except that connectors are not 
required, but the cable must be anchored within 8 in. of every 
box. This is required by Sec. 3710c of the Code. 

Such boxes, although commonly used in bams and all other 
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farm buildings, are not usually required in farmhouses. The 
local inspector is the one to pass on this point. 

There are also available special units, consisting of the out- 
let box, the cover, and the device such as switch or receptacle, 



I 

Monowatt Elec. Corp. 

Fia. 22-5.- -These handy devices replace outlet box, cover, and wiring device. 

all in one unit. A representative assortment of such devices is 
shown in Fig. 22-5. Their popularity is increasing, not only 
for wiring barns and similar buildings, but also for basements, 
attics, cottages — in fact any location where the cable is not to 
be concealed within the walls of the building. The bakelite 
devices shown have the additional advantage of all using the 
same base. The bases may be installed in advance where 
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needed, the devices contained in the covers being added later 
as the wiring is completed. 

Buildings Fed through Another Building. — On farms it 
usually happens that one or more buildings are served by 
wires running from another building nearer the meter. In 
the 1940 Code it was required that all the wiring in the 
building could be disconnected by a single switch. The 1947 


Barn Cow barn Poultry house 



Fkj. 22-6. — Whether disconnect switches in outbuildings need be fused or not 
depends on the size of the fuse at the starting point. 

Cbde in Sec. 2351d merely requires that all the wiring in the 
building must be capable of being disconnected by one or more 
switches located in or on the building. Therefore if all the 
wiring in a building can be disconnected by one or more 
switches, even if they are the ordinary toggle switches used to 
control lighting outlets, the Code requirements are fulfilled. 
If however a receptacle outlet remains alive, the Code require- 
ment is not met. 

It will be found to be a wrise practice to provide a single 
SAvitch of the general type shown in Fig. 20-2 to disconnect 
the entire building, even if this is not required. If the wiring 
is at 115 volts only, with one wire grounded, use a 2-wdre 

2- pole 1 -blade sw itch. If it is at 230 volts without a grounded 
neutral, use a 2-wire 2-polc 2-blade switch. If it is the usual 
115/230- volt installation with a grounded neutral, use a 3-wire 

3- pole 2-blade switch. 

Whether this disconnect switch needs to be fused or not 
depends entirely on the size wires used and the size fuses ahead 
of the starting point (see Fig. 22-6, which show^s several build- 
ings served through the main barn). The wires are No. 14 
inside the buildings, but, for mechanical strength. No. 8 is 
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used between the buildings. Since the fuse in the bam is the 
15-ainp. size, it protects the smallest wire in the entire circuit; 
therefore the switches in cow bam and poultry house need not 
be fused. 

In Fig. 22-7, No. 8 wires run through the barn, between the 
l)arn and cow barn, and through the cow barn, serving a motor 


B qrn Cow barn Poultry house 


Service switch 
j .fuse, JO amp. 

A I .^No.d 


Switch 

f 

^No.d 


Switch 


■ 


1 



Fig. 22-7. — In this case, fuses are required because the 30-amp. fuse in the 
barn docs not protect the No. 14 wires. 

there which requires up to 30 amp. for starting. Therefore a 
30-amp. fuse is used in the barn, and since the No. 8 wire 
continues straight through to the poultry house, this wire 
must be fused at not over 15 amp. at the point where the 
change is made to No. 14 wire in the poultry house. Likewise 
at the point where No. 14 wire is attached to the No. 8 in 
the cow barn, a fuse block must be used with 15-amp. fuses to 
protect No. 14 wire. 

In some localities the inspector insists on a separate ground 
at each building, regardless of whether it is served hy a sepa- 
rate service from the pole, or through another building. The 
1947 Code in Sec. 2524 requires such a separate ground at all 
buildings housing livestock, as also at any building having 
two or more branch circuits. The entrance at each such 
building is considered a service; see page 279 for require- 
ments concerning grounding at services. 

Farmhouses. — The wiring in farmhouses is no different from 
that in city homes, and the procedure is therefore the same as 
already covered in other chapters. Usually any wiring system 
may be used in the house, even if the inspector insists on non- 
metallic sheathed cable for bams and other similar buildings. 

Bam Wiring. — The physical make-up of the circuits, that 
is, the combinations of cable and boxes and switches and 
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receptacles, is not different from that already discussed and 
therefore needs no further amplification. The chief points 
to observe are points of practicability and common sense. 
Locate switches and receptacle outlets so that they cannot be 
bumped by animals in passing. Locate switches at convenient 
height so that they can be operated by the elbow; farmers^ 
hands are often both full. A great convenience is to have 
3-way switches to control at least one light from either end 
of the barn. Never use brass-shell sockets; use only porcelain 
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I iG 22-8 — A 60-watt bulb with a lefleotor is often as effective as a 1 00-watt 
without a lefledot Reflectois become an investment lathei than an 
expense 


or bakelite, for the same leasons that nonmetallic boxes are 
used. 

Plenty of light outlets should be provided; a minimum is 
considered one light for eveiy U\o stalls. It is best to locate 
the outlets for bulbs between joists, so that the bulb does not 
project too far down into the aisle l)etween stalls, where it 
might easily be damaged. Since most barn ceilings are dark 
and dusty, they reflect practically no light. About half the 
light from an exposed bulb falls on the ceiling and is lost. 
Provide a reflector for every socket; the area underneath will 
be lighted almost twice as ^vell as without a reflector. Several 
types of suitable reflectors arc available at prices from 50 cts. 
upward; two are shown in Fig. 22-8. Their use is a good 
investment. 

Provide a light to illuminate the steps to the haymow. In 
haymo^vs inspectors frequently rec|uire vapor-proof receptacles 
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of the type shown in Fig. 22-9. A vapor-proof receptacle is 
simply a socket with a tight-fitting glass globe that encloses 
the bulb. The dust that arises in haymows is inflammable or 
even explosive, and if an unprotected 
bulb is accidentally broken, although the 
lamp burns out instantly, during that 
instant there is a flash while the filament 
melts. This flash may set off an explo- 
sion; hence the requirement for the 
vapor-proof receptacles. 

Cable should always be installed in a 
location where it cannot possibly be dam- 
aged accidentally. In haymows, cover it 
with strips of board at all points where it 
might be damaged by pitchforks. 

Where it passes through a floor, the Code 
requires that it be protected by conduit 
or pipe for at least 6 in. ; many inspectors require this protec- 
tion for about 6 ft. especially where there is danger of hayforks 
damaging the cable. 



Fig. 22-10. — Keep exposed rabies away from the center of aisles. The 
bottom of the bulb should be very little below the bottom of the joists. 
Reflectors should be used, extending very little below the bottoms of joists. 


[Rubs^ & StoU Co. 
Fig. 22-9. — A typical 
vapor-proof receptacle. 
They are often used in 
haymows. 


Cable in barns and other farm buildings should not be run 
along or across the bottoms of joists or similar timbers, because 
this exposes the cable to mechanical injury. The cable will 
receive good protection if it is run along the side of a joist or 
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beam. More cable will be required to run the cable from the 
side of an aisle out to the middle for an outlet, then back to 
the side of the aisle, but consider the extra cost as insurance 
against damage. Figure 22-10 will show the details of recom- 
mended practice. 

Poultry Houses. — The only point that should be specially 
noted is that special wiring is frequently required for lighting 
designed to promote egg production. • It is well known that 
hens produce more eggs during winter months if light is pro- 
vided during part of the time that would otherwise be dark. 





Sangamo Elec. Co. 

Fig. 22-11. — This poultry-house 
switch properly controls lights, dim 
and bright, hir forcing egg production. 


Rttasdl & Stoll Co. 

Fig. 22-12. — This weather- 
proof heavy-duty outlet and 
plug should be employed 
where large portable motors 
are used outdoors. 


It is best to provide artificial light both in the morning and 
in the evening. If the transition from light to dark is abrupt, 
the hens will not go to roost but will stay where they are when 
the lights are turned off. In the morning better results are 
obtained if the light does not come on to full brilliancy sud- 
denly. If a special time switch of the type shown in Fig. 22-11 
is used, in the morning it turns on first the dim lights, then 
bright lights, then when full daylight arrives turns all off. 
In the evening the procedure is reversed; as darkness sets in, 
the lights are turned on full. At the time set, the bright 
li^ts go out, and the dim lights go on; during this interval 
the hens go to roost. Shortly thereafter all lights are auto- 
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matically turned off. The wiring for such clocks is simple, 
and diagrams are furnished with such clocks. 

Be sure that the light falls upon the roosts, for if the roosts 
remain in darkness when the lights come on, the hens will 
probably not leave their roosts. Neither will they be able to 
find the roosts in the evening if they are in darkness while 
the lights illuminate the rest of the pens. One 40- or 60-watt 
bulb for every 200 sq. ft. of floor area is usually considered 
sufficient. 

Manually controlled circuits can easily be provided so that 
one switch controls bright lights, another dim lights. 



Steber Mfg. Co, 

Imq. 22-13. — Gooseneck fixtures of this type should be liberally used in 
lighting the farmyard. 

Other Buildings. — No particular problems are involved in 
other buildings. Use only nonmetallic sockets; provide SAvitch 
control instead of pull chains. Every building should have a 
receptacle outlet, if for no other reason than to be able to use 
a trouble light of the type that was sho\vn in Fig. 20-23. 

Motors. — Stationary motors should be wired as covered in 
Chaps. 15 and 28. For portable motors of considerable size 
it will be necessary to provide heavy-duty outlets; the types 
used for range wiring, shown in Fig. 20-1, are suitable. If 
such an outlet must be outdoors, it must be of the weather- 
proof type, and one style is shown in Fig. 22-12. 

Yard Lights. — Every farm will have at least one yard light 
of the general type shown in Fig. 22-13, usually located at the 
meter pole. In most cases the light is controlled by two 3-way 
switches, located at house and bam. A 4-way switch in a 
weatherproof housing is often located at the pole. 



To nearest 
fuseddrcuif 
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The wiring of a yard light is often haphazard. It is not 
uncommon to see it wired by tapping one of the two wires 
from the light, directly to the neutral wire at the pole, running 
the other to a switch at any convenient location and then on 
to the nearest “hot” wire. The scheme works but is contrary 
to Code, for the neutral wire at the pole is a feeder and not a 
branch circuit; it is not permissible to tap a feeder except to 
form a branch circuit. 




Fio. 22-14. — Good construction in installing yard light. 


Today most inspectors will insist on a carefully planned 
installation. To operate a yard light from one switch, it is 
necessary to run two wires to it from the nearest fused circuit, 
and to operate it from two points, it is necessary to run three 
wires. Figure 22-14 shows a method that makes a weather- 
proof and mechanically sturdy job out of the installation; it 
also shows the wiring diagram. 

Wires Entering Buildings. — Use any of the methods show n 
in Chap. 20 in connection with garage wiring. 



CHAPTER 23 

ISOLATED LIGHTING PLANTS 


An isolated plant may be defined as any installation by 
which the owner manufactures his own electric power. Such 
installations may be found mostly on farms, in summer camps 
and resorts, and in similar locations where electric power is 
not available from power lines, as well as for construction 
projects and similar undertakings. 

Tjrpes of Plants. — Such engine-driven generating plants can 
be classified into two broad groups: those which use no bat- 
teries (except automobile type batteries to start the engine), 
and those which charge batteries from which the power is then 
supplied to the load when needed. 

Battery-less plants are available in a wide raiige of capacity 
from about 350 watts output, up to 50 kw. or more output. 
They may deliver either direct current or alternating current. 
Those delivering 115-volt (or 115/230 volt) 60-cycle alter- 
nating current are by far the more popular. Furnishing 
current identical with that supplied by power lines in general, 
including farm ‘'high lines, they are ideal in that they permit 
ordinary low-cost radios, motors, appliances, and so on to be 
used, rather than more costly, hard-to-get direct-current 
devices. When installed where power is expected to be avail- 
able at a future date, they permit the change to commercial 
service to be made without changing a single motor or other 
device. 

Occasionally such units are installed requiring manual 
cranking when power is wanted; most of the time the units 
are provided with automobile type batteries which crank the 
engine of the unit, just as in a car. Special controls are also 
available which make the unit start when a Igad is turned on 
and stop when the last light or appliance is turned off. 
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Such engine-generators are now being commonly used in 
stand-by service, with controls so arranged that when a com- 
mercial power line fails the engine-generator automatically 
starts and continues to run until commercial service is restored. 
Such installations are well worth while in any business where a 
few hours without power would be costly — ^for example, 
chicken hatcheries in which, if the incubators are allowed to 
cool off, thousands of eggs are ruined; radio stations that 
cannot broadcast without power; greenhouses where lack of 
power may mean no heat in an oil-burning furnace, and 
many similar applications. 

Generating plants used in connection with storage batteries 
as part of the load circuit can be only of the direct-current 
type. The plant charges the battery; the load is taken from 
the battery. When heavy loads exist, the combined capacity 
of the generator plus that of the battery can be drawn upon 
to handle the load. Power is available in limited amounts 
whether the generator is running or not. 

Six-volt Plants. — The capacity of the generator on such 
plants usually is 150 to 200 watts. The maximum charging 
rate is about 25 amp. against a battery that is low, dropping 
off to about 15 amp. or less as the battery becomes charged. 

A fully charged battery of the type usually used should not 
be discharged at a rate exceeding 15 amp. if reasonable life is 
expected; therefore the maximum wattage that should be used 
without the generator running is about 6 X 15, or 90 watts. 
Adding to this another 150 watts from the generator gives a 
practical maximum of 240 watts while the generator is running 
and the battery discharging at its safe limit. 

From this the limit of usefulness of a 6-volt plant will be 
evident. In wiring for the few lights that this plant will 
operate, remember that while a voltage drop of 1 volt on a 
11 5- volt circuit is less than 1 per cent, on a 6-volt circuit a 
drop of 1 volt is 16 per cent and will cause bulbs to burn 
exceedingly dimly. Moreover, a 60- watt bulb on a 115-volt 
circuit consumes about amp.; the same bulb on a 6- volt 
circuit consumes" 10 amp. Amperage causes voltage drop, 
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so it is essential that relatively large wires be used, and that 
they be kept very short. Any distance over 50 ft. from the 
battery is too far if more than 50 watts is involved. The 
table below gives the limit of the 1-way distance, in feet, that 
each size wire will carry the wattages shown and still permit 
reasonably efficient lighting. 


Watts at 

6 volts 

No. 14 

No. 12 

No. 10 

No. 8 

No. 6 

25 

25 

40 

60 

100 

150 

50 

12 

20 

SO 

50 

75 

75 

8 

13 

20 

33 

45 

100 

. , 

10 

15 

25 

40 

125 


8 

12 

20 

30 

150 

•• 


10 

15 

25 


Reverting once more to the subject of voltage drop, it is 
not unusual to find in such a 6-volt installation, when a num- 
ber of 50-watt bulbs are in use, that they bum very dimly on 
account of the voltage drop. Substituting 25-watt bulbs for 
the 50-watt cuts both the amperage and the voltage drop in 
half, so that the 25-watt bulbs burning at normal brilliancy 
will produce practically as much light as the 50-watt size did. 

Switches are usually dispensed with because they would 
probably introduce a few extra feet of wire with additional 
voltage drop. Pull-chain control is considered adequate. 

Twelve-volt Plants. — Since the voltage is doubled, the 
amperage for any given wattage is only half that of a 6-volt 
plant. The voltage drop is only half as great in volts, and 
only one-quarter as great in percentage. Therefore on 12 
volts, the 6-volt table above will carry the different watt- 
ages 4 times farther than on a 6-volt plant, with equal effi- 
ciency and percentage of voltage drop. For this reason the 
12-volt plant is considerably more efficient and useful than 
the 6-volt plant. 

Since the battery voltage is doubled, the wattage available 
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while the generator is not running is 12 X 15, or about 180 
watts, double that of the 6-volt battery. 

Thirty-two-volt Plants. — Plants of this voltage have been in 
use for many years and are entirely practical within their 
limits. In wattage the generators of such plants usually range 
from 250 to 1,500 watts. Larger plants are made, but since a 
i, 500-watt plant charges the battery at about 40 amp. and 
since 40 amp. is approximately the highest charging rate that 
most batteries available at a reasonable price will stand with- 
out damage, the 1,500- watt is usually considered the practical 
limit. However, in combination with proportionately larger 
batteries now becoming available, 32-volt units in capacities 
as high as 3,500 watts are becoming more popular. 

Such plants are entirely suitable for average lighting; radio; 
vsmall appliances such as fans, sewing machines, and vacuum 
cleaners; as well as small motors not exceeding hp. Amper- 
ages that considerably reduce the life of the battery are con- 
sumed when 32-volt motors larger than 14, hp. are used; also 
wire sizes that border on the impractical are required. 

The average battery in use should not be charged or dis- 
charged at a rate exceeding 25 amp., and the maximum 
practical wattage while the generator is not running is there- 
fore 32 X 25, or 800 watts. Larger and more expensive 
batteries can safely deliver twice this wattage. In any event 
the capacity of the generator can be added to that of the 
battery, for periods when considerable power is required. 

The table on the next page shows the 1-way distance that 
various sizes of wire will carry various wattage loads at 32 
volts, with reasonable voltage drop. 

The wiring for 32 volts is the same as for regular 115-volt 
work, except that heavier wire sizes must be used. The Code 
in Sec. 7203 requires No. 12 as a minimum. This has a carry- 
ing capacity of 20 amp., which at 32 volts is equivalent to 640 
watts. The ordinary No. 14 115-volt circuit has a capacity 
of 1,725 watts. This should make it evident that for 32-volt 
use almost 3 times as many circuits will be required as for 
1 15-volt use. If this is not done, fuses will blow very regularly. 
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The Code in Sec. 7204 requires that not more than eight sockets 
or receptacles be connected to one circuit, nor a total load 
exceeding 320 watts. Motors or appliances rated' over 320 
watts must have a special circuit; it is entirely in order to feed 
one outlet in the kitchen with a special circuit direct from the 
fuse cabinet. 


Watts at 
32 volts 

No. 12 


No. 8 

No. 6 

No. 4 

No. 2 

No. 0 

100 

80 







200 

40 

65 



250 



300 

25 

40 






400 

20 

32 



125 


320 

600 

15 

25 


60 


160 

240 

600 



35 


to 


200 

700 


18 


45 

75 


180 

800 


16 

25 

40 

65 


160 

900 



22 

35 

60 


140 

1,000 


•• 1 



50 


120 


Grounding is not required unless the wires run overhead 
between buildings, in which case one of the 'wires should be 
grounded. 

116 -volt Plants. — The wiring for 115-volt plants should be 
done in the same way as for other 115-volt installations. 

Theory of Batteries. — Despite its name a storage battery 
does not store electricity. At any given moment during a dis- 
charge cycle a storage battery operates like a dry cell. In a 
dry cell the component parts are used up during discharge, 
and when they are consumed, the cell is dead. In a storage 
battery the materials in the plates are also used up during dis- 
charge, but if an electric current is then forced through the 
battery in a direction opposite to that in which it flowed during 
discharge, it will restore the plates to their original condition, 
and the battery is charged. It is then ready for another cycle. 
The storage battery is strictly an electrochemical device 
wherein, during discharge, chemical action creates an electric 
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current; during charge, an electric current causes a chemical 
action which restores the plates to their original condition. 

Ampere-hours. — ^The capacity of a battery is measured in 
ampere-hours, abbreviated amp.-hr. The number of amperes 
multiplied by the number of hours this current flows gives the 
ampere-hours. One ampere flowing for one hour is one 
ampere-hour; 5 amperes flowing for 2 hours is 10 ampere- 
hours; etc. 

A very commonly used 32-volt battery has a capacity of 
120 amp.-hr. on an 8-hr. basis. This means that, if the 
battery is fully charged, it can be discharged for 8 hr. at 15 
amp. before it is exhausted (8 X 15 = 120). It would seem 
logical that, if it is discharged at 30 amp. instead of 15, it 
should take 4 hr. instead of 8 completely to discharge the 
battery; actually it will take only about S}i hr. Likewise, if 
it is discharged at 71^ amp. instead of 15, instead of taking 
twice 8 or IG hr. to discharge, it will actually take more nearly 
18 hr. The ampere-hour capacity of a battery is not constant ; 
the higher the rate of discharge, the lower the capacity. 
Batteries are usually rated on two bases: the 8-hr. continuous 
basis already mentioned, and the 72-hr. intermittent basis. 
On the latter basis, which presupposes intervals of discharge 
and rest so spaced that the entire charge of the battery is 
consumed in 72 hr., the capacity is usually about 33 per cent 
greater than on the 8-hr. basis. The same battery that has 
a capacity of 120 amp.-hr. on the 8-hr. continuous basis has a 
capacity of about IGO amp.-hr. on the 72-hr. intermittent basis. 

Efficiency of Storage Batteries. — A battery is not 100 per 
cent efficient but, when new, has an efficiency of G5 to 70 per 
cent. In other words, if it takes 10 hr. of charging at a 10- 
amp. rate to bring a battery up from a discharged to a charged 
condition; and if it is then dischai^ed at the same 10-amp. rate, 
it will be fully discharged at the end of approximately Q}4 to 
7 hr. 

Watt-hour Capacity. — Multiplying the ampere-hour capac- 
ity of a battery by its voltage gives its watt-hour capacity. 
Thus the battery mentioned in the previous paragraph, if it 
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is of the 32-volt type, has 160 X 32 or 5,120 watt-hr. capacity 
on a 72-hr. intermittent basis. It will therefore light a 
100-watt bulb for about 51 hr. It is a simple matter to 
determine how long one charge of a battery should last. For 
example, on a small installation the calculation would be 
approximately as follows: 



Watts 

Hours per week 


1 bulb 

25 

10 

250 

1 bulb 

50 

12 

600 

1 bulb 

100 

2 

200 

Ibulb 

25 

20 

500 

Radio 

65 

14 

910 

hp. motor 

250 

2 

500 

Vacuum cleaner 

200 

2 

400 

Total for week 

Average per day 



3,360 

480 


Since the battery has a capacity of 5,120 watt-hr. and since 
480 watt-hr, are used per day, a fully charged battery should 
last 5,120/480, or approximately 10 days before requiring 
recharging. 

Life of Batteries. — Heavy-duty batteries designed for 
32-volt use have a normal life of 250 to 350 cycles of charge 
and discharge. Knowing how many days a normal charge 
lasts, it is not difficult to calculate the probable life under 
any given circumstances. For example, in the battery of the 
above example, 300 cycles of 10 days is equivalent to 3,000 
days, or about 8 years. Normal life presupposes good care. 

Care of Batteries. — Instructions are usually furnished by 
the manufacturer with batteries, but a brief r6sum<S of what 
constitutes good care should not be amiss here. Many o^^^lers 
feel that, if they keep the water level in the cells at the proper 
level, they have done all that is required. This is not by any 
means sufficient. For maximum life the battery should be 
fully charged, then used until it is practically discharged; the 
process should be repeated through regular cycles of charge 
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and discharge. Keeping a battery always fully charged, 
charging it immediately when it is slightly discharged, often 
, cuts the life of the battery in half. Never fully charging the 
battery, but leaving it always in a partially discharged con- 
dition, mins it even more quickly. It is absolutely necessary 
to cycle the battery if normal life is to be expected. 

About once a month the battery should be overcharged, 
that is, the charging continued for several hours even if 
hydrometer readings indicate that it is fully charged. 

A battery should never stand idle in a discharged condition. 
Even if it is fully charged, it should not stand idle for more 
than 60 days at a time; every 60 days it should be discharged 
slowly, and recharged promptly. 



CHAPTER 24 


WIRING APARTMENT HOUSES 

If an apartment is considered merely as that space within a 
building which is occupied by one family, no new wMng prob- 
lems of any consequence are encountered. If the apartment 
house is considered in its entirety as a multi-family dwelling, 
a number of new problems arise. 

Planning an Individual Apartment. — To determine the 
minimum number of circuits required by Code for any single 
apartment, proceed as outlined for a single-family dwelling in 
Chap. 12. For lighting, allow 2 watts per square foot. For 
example, a small apartment of 700 sq. ft. will require 700 X 2, 
or 1,400 watts, which means one circuit. To this must be 
added a separate No. 12 circuit for appliances, just as in the 
case of the single-family house, thus making two circuits the 
minimum. This may not be sufficient for practical living, and 
an extra circuit would reflect sensible planning. Naturally, 
too, an additional circuit must be provided for each appliance 
consuming more than 1,650 watts, for example, an electric 
range. 

Service Entrance Problems. — In practically all cases there 
is but a single service drop for the entire building. In most 
cases each tenant pays for the power he consumes, so there is 
a separate meter for each tenant, plus usually another meter 
to carry hall lights, oil-burner motors, and similar loads. The 
service drop therefore must feed a number of separate meters 
and disconnecting means. If there is a common space avail- 
able, accessible to all tenants, such equipment should be 
grouped there. The Code in Sec. 2351b requires that each 
tenant must have access to his disconnecting means. 

If there are not over six meters and disconnecting means, 
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it is not necessary to provide a main disconnecting means and 
overcurrent protection ahead of them. Instead each meter is, 
through its overcurrent device and disconnecting means, con- 
nected directly to the service entrance wires, as outlined in 
Fig. 24-1. 


Z2i 
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Fio. 24-1. — No separate switch or overcurrent device is required in multiple- 
occupancy installations if not over six separate entrance switches are used. 
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Fig. 24-2. — If more than six separate switches are used, a separate entrance 
switch and overcurrent protection are required. 


If there are more than six meters and disconnecting means, 
it is necessary to use a disconnecting means and overcurrent 
protection ahead of such equipment, as shown in Fig. 24-2. 

The switches and overcurrent devices for the individual 
tenants are selected as if each tenant were in a separate build- 
ing. Usually for the sake of neatness and ease in installation 
they are of the ganging type, as shown in Fig. 24-3. 

An alternative scheme frequently used in connection with 
outdoor meters is to lead the main service entrance wires to 
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a number of meters on the outside of the building. From each 
meter, service entrance wires run to a service switch and over- 
current protection inside the building, all as pictured in Fig. 
24-4. If there is a readily accessible common space available, 
not over six sets of entrance equipment may be used; if there is 



CoWa Patent Fire Arms Mfg. Co, 

Fig. 24-3. — Ganging-type switches save space and make an exceptionally neat 

installation. 


^Service drop . . , 

C Building wail 

I I 

♦y y Nol- over 6 swiiches 

4 ff common space avaihble 

5 As many as necessary if 
j each sv/ifch in separafe 

Apil Apt 2 Apts Apt 


Fig. 24-4. — This construction may be used with not more than six sepa- 
rate entrances if a common space for all the switches is available. There is 
no limit if each switch is in a separate space. 


no such common space available but each meter is in a separate 
space, then as many sets as required may be used. 

Branch-circuit Overcurrent Protection. — In a small apart- 
ment building all the overcurrent devices for the entire build- 
ing will probably be located at the service entrance. The 
group for each individual apartment will probably be incorpo- 
rated with the disconnecting means for that apartment. Each 
separate circuit runs from such an overcurrent device to the 
apartment, as it would in a single-family house, and as 
shown in Fig. 24-5. In a large apartment this would involve 
extremely long runs, would require a great deal of material. 
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and would prove most inconvenient to tenants. Accordingly, 
a feeder is usually run from the service entrance equipment in 
the basement to each apartment, the branch-circuit over- 
current protection such as fuses then being located at the 
apartment, as shown in Fig. 24-6. A little study will show 
that the basic scheme for Figs. 24-5 and 24-6 has already been 
studied in connection with Figs. 12-1 and 12-2. 



Fig. 24-5.- “In small apartment buildings, the branch-circuit fuses are often 
installed with the main switches, in the basement. 

Determining Feeder to Individual Apartment. — The feeder 
from the disconnecting means to the overcurrent devices at 
the individual apartment corresponds to the service entrance 
mres in the case of the single-family house. Its size is deter- 
mined in general in the same way, as already discussed on 
pages 192 to 202. However, while in the single-family house 
a demand factor of 30 per cent is used for that portion of the 
watts above 2,500 watts, in the case of the feeder to an apart- 
ment the demand factor is 100 per cent for the first 3,000 
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watts; 35 per cent for the remainder, including all lighting 
and small appliances, but excluding ranges. 

For an apartment of 700 sq. ft. this makes 1,400 watts for 
lighting, plus 1,500 watts for small appliances, or 2»900 watts 
altogether. Since the total is less than 3,000 watts, the 
demand factor is 100 per cent and the full 2,900 watts must 
be counted. At 115 volts this is equivalent to 2,900/115, or 



Gets,” Gets.- Gets.- 
Apt I Apt 2 Apt 3 


Fig. 24-6. — In larger apartment buildings, placing branch-circuit fuses in 
the basement would be wasteful of material and inconvenient. Therefore a 
feeder is run to each apartment, and the branch-circuit fuses are located at 
the individual apartment. 

25.3 amp., which makes No. 10 wire the minimum; Sec. 2201 
of the Code also requires No. 10 as a minimum (see page 184). 
If the apartment were larger, of say 1,600 sq. ft. area, the 
calculation would be 1,600 X 2, or 3,200 watts for lighting, 
plus 1,500 watts for small appliances, or 5,100 watts altogether. 
Counting the first 3,000 watts at their full value, plus 35 per 
cent of the remainder of 2,100 watts or a net 735 watts, makes 
a total of 3,735 watts. At 115 volts this is equivalent to 
32.6 amp., for which No. 8 is the minimum permissible. More 
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likely one would consider the load a 115/230-volt load and run 
a 3-wire feeder capable of carrying 3,735/230 or 16 3 amp , 
which would be theoretically No 12, actually No 10 in 
accordance with Sec 2201 

In this connection do not overlook the requirement of Code 
Sec 2202, which specifies that the wire used must be of suffi- 
cient size so that the voltage diop will not exceed 1 per cent 
See tables on pages 106 and 107, divide all distances shown 
by two to arrive at the maximum distance any given size of 
wire will carry a specific load with 1 per cent voltage diop 

Assume that a range is to be added, consuming a maximum 
of 9,000 watts The 80 per cent demand factor as permitted 
for smgle-family houses is also permissible for an individual 
apartment, but it would be better to allow 8,000 watts as 
recommended m connection with Code Table 29, Col A 
Adding 8,000 watts to the previous total of 2,900 watts makes 
a total of 10,900 watts altogethei Since a lange opeiates at 
115/230 volts, obviously a 3-wire feeder must be installed, 
and the amperage at 115 volts need not be determined At 
230 volts the amperage is 10,900/230, or 47 4 amp Theie- 
foie a minimum of No 6 wire must be used 

However, the neutial wire serving a range can never be 
made to carry as many amperes as the ^^hot^' wires some- 
times carry, as has already been discussed Therefoie the 
Code m Sec 2203g permits foi the neutral of the feeder a wire 
smaller than foi the “hot^^ wires Consider only 70 per cent 
of the allowance for the range, so far as the neutral is con- 
cerned In the example above, the carrying capacity of the 
neutral only would be calculated as follows The amperage 
capacity that must be provided for lightmg and small appli- 
ances has already been calculated as 12 6 amp For the 
neutial of the range the calculation is (0 70 X 8,000) /230, or 
5,600/230 or 24 3 amp The final answer then is 12 6 + 24 3, 
or 36 9 amp , making No 8 adequate unless a larger size is 
required to avoid excessive voltage drop. 

Determining Service Entrance. — The minimum size of the 
service drop wires for the building as a whole is determined 



WIRING APARTMENT HOUSES 


391 


by the maximum probable load in the entire building at any 
given moment. The method of arriving at this probable 
maximum is very similar to that used for single-family houses: 
the lighting, the small appliances, and range loads are con- 
sidered separately. 

The greater the number of apartments in a building, the 
less the likelihood that all tenants will at the same time be 
consuming current at the maximum rate available to the indi- 
vidual apartment. Therefore the Code permits a demand 
factor to be applied. This demand factor is -applied on the 
gross computed total watts figured on the basis of 2 watts per 
square foot of total area for all apartments, plus the minimum 
for small appliances for each apartment, applied as follows: 


First 3,000 watts 100 per cent 

Next 117,000 watts 35 per cent 

All above 120,000 watts 25 per cent 


For ranges there is no likelihood whatever that all will ever 
be used at their maximum capacity at the same moment ; the 
Code in Table 29 (see Appendix) permits a demand factor 
that varies from 75 per cent in the case of two small ranges 
consuming less than 3,500 watts each, to as little as 1() per- 
cent in the case of 61 or more ranges each consuming 3,500 
watts or more. 

However, the 1947 Code contains a simplification in column 
A of Table 29, which shows a figure in watts that may be 
used as the maximum demand for any given number of ranges 
consuming not over 12,000 watts each. This is far simpler 
than taking each range separately, determining its maximum 
capacity, multiplying by the number of ranges involved, and 
multiplying in turn by the proper demand factor for that 
number of ranges to arrive at the total watts that must be 
allowed for the total range load. 

Planning Three-apartment Installation. — Assume a building 
containing three apartments of 700 sq. ft. each or 2,100 sq. ft. 
in total, plus the usual basement. Each apartment will have 
two circuits, as determined earlier in this chapter. Each cir- 
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cuit will probably run direct to the overcurrent device for that 
circuit in the basement. The service entrance will probably 
be in accordance with Fig. 24-1 or 24-4. There is little to 
calculate except the service entrance. 

Service Entrance for Three-apartment Building. — The maxi- 
mum probable load is very simply calculated in accordance 
with preceding paragraphs, as shown in the following table : 



Gross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lightingi 2,100 sq. ft. at 2 watts 

4,200 

4,500 



Small appliances, 3 apartments at 1,500 
watts 



Total gross computed watts 

8,700 



First 3,000 watts 

100 

3,000* 

1,995 

Remaining 5,700 watts 


35 



Total net computed watts 



4,995 





The total of 4,995 watts covers only the three apartments 
proper. It does not make allowance for the basement, and it 
is well to allow 1,500 watts for basement lighting, the outlets 
for the tenants' washing machines, and similar devices. This 
makes a total of 6,495 watts, which at 230 volts is equivalent 
to 28.2 amp. Theoretically then No. 10 wire which has a 
capacity of 30 amp. may be used. However the Code ni 
Sec. 2304a requires a minimum of No. 8. It would be entirely 
logical to use a minimum of No. 6, for it is likely that the 
small load estimated for the building will in due course of 
time be greatly increased. The No. 6 will provide a reserve 
for such future expansion. 

If an electric range consuming not over 12,000 watts is 
added to each of the three apartments, column A of Table 29 
shows that 14,000 watts in total must be allowed for that 
purpose in calculating feeder capacity. Adding this to the 
6,495 watts already determined for lighting and small appli- 
ance load produces a total of 20,495 watts, which at 230 volts 
is equivalent to 89.1 amp. The smallest wire permissible 
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would be No. 2 with a carrying capacity of 90 amp. It 
would be used in connection with a 100-amp. switch and 
90-amp. fuses, but it would provide no reserve capacity what- 
ever. It would be sensible to use a larger wire such as No. 1 
with 110 amp. capacity, or No. 0 \vith 125 amp. capacity. 



^ — ^ 

Fig. 24-7. — Feeder diagram for larger apaitmeiit building. 


Instead of using column A of Table 29, column B or C may 
be used, depending on the capacity of each range. Assuming 
that the ranges have a capacity of 8,000 watts each, the total 
would be 24,000 watts; column C shows the demand factor to 
be 55 per cent, which applied to 24,000 watts leads to an 
allowance of 13,200 watts, substantially the same as the 
14,000 watts shown in column A. It will usually be found 
to be quicker and more convenient to use the ready-made 
answers of column A than to calculate the answers from 
column B or C. 

Planning 44-apartment Installation. — ^Assume a larger build- 
ing containing 44 apartments each 700 sq. ft. in area. Since 
each individual apartment is the same size, it will be wired in 
the same fashion as in the previous example. 



394 


RESIDENTIAL AND FARM WIRING 


Service Entrance. — As 44 meters are involved, it is probable 
that they will be arranged in two banks of 22 each. Since 
more than six services are involved, a main disconnecting 
means with overcurrent device will be required; the wiring 
diagram will be that of Fig. 24-7 and the actual installation 
similar to that shown in Fig. 24-8. There are two problems 



''"'M ' 

It L/ v: 


Colt* 8 Patent Fire Arms Mfg. Co, 

Fig. 24-8. — A t^^pical installation in a large apartment building. 

involved: calculation of the main feeder A and the two sub- 
feeders JS. 

The main feeder A will carry the entire load for the build- 
ing. Assuming that half of the apa'rtments are equipped with 
electric ranges consuming a maximum of 8,000 watts, the 
calculations are as shown in the table at the top of page 395. 

At 230 volts, 82,850 watts is equivalent to 360 amp. 
According to Table 1 of the Code, if ordinary Type R rubber- 



WIRING APARTMENT HOUSES 


395 


covered wire is used, 700,000 c.m. cable is the minimum per- 
missible. Reference to Chap. 25, however, will show that if 
Type RH is used, the size may be reduced to 500,000 c.m. 



Gross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 30,800 sq. ft. at 2 watts 

Small appliances, 44 apartments at 1,500 

watts 

Total gross computed watts 

First 3,000 watts 

61,600 

66,000 

127,600 

100 

3,000 

40,950 

Next 117,000 watts 


35 

7,600 watts above 120,000 


25 

1,900 

37,000* 

22 ranges at 8,000 watts 

176,000 

Total net computed watts 



' 82,850 


* Column A, ThIjIc 29 of Code. 


The neutral of the three sciwice entrance wires may be 
smaller than the two hot mres; the method of calculating 
this will be covered in the next chapter. 

Each of the feeders B carries 22 apartments, 1 1 of which 
have ranges. The size of these feeders is calculated in the 
same way, as follows: 



Gross 

com- 

puted 

watts 

Demand 
factor, 
per cent 

Net 

com- 

puted 

watts 

Lighting, 15,400 sq. ft. at 2 watts 

Small appliances, 22 apartments at 1,500 
watts 

30,800 

33,000 

100 

35 

3,000 

21,280 

26,000* 

Total gross computed watts 

63,800 

First 3,000 watts 

Remaining 60,800 watts 


11 ranges at 8,000 watts 

88,000 

Total net computed watts 

50,280 




* Column A, Table 29 of Code. 
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At 230 volts, 50,280 watts is equivalent to 219 amp. This 
current can be carried, according to Table 1 of the Code, by 
300,000 c.m. cable. Type R, or by No. 0000 Type RH rubber- 
covered wire. Bear in mind that the wire sizes so computed 
are the miniilium permissible to meet Code requirements. 
Larger sizes may be required to keep within the 1 per cent 
voltage drop specified by Code as maximum, or to provide 
full adequacy in the wiring. 

If each of the 44 apartments is to be equipped with an 
electric range, calculations similar to those in the examples 
above will quickly show the proper sizes of feeders. The 
demand factors peimitted by Sec. 2203 and Table 29 must be 
carefully observed. 

Service Entrance Switch. — Since the maximum amperage 
as determined for the main feeder was found to be 360 amp., 
the service switch must have at least 360 amp. capacity. The 
next standard size above that figure is the 400 amp., and that 
size may be used. It will however allow only a small amper- 
age for new future loads; additional ranges, for example, may 
be installed. It would be Avise to use the next larger size 
rated at 600 amp. to provide for probable future increases in 
load. The rating of the fuse in the switch is determined by 
the carrying capacity of the feeder selected. 

Since the subfeeders B will have a carrying capacity of 225 
to 250 amp., they will not be protected by the 400-amp. or 
larger main fuse. Therefore extra overcurrent devices rated 
not more than the carrying capacity of the feeder wires must 
be installed where the feeders connect to the larger switch, 
in order to protect the smaller Avires. All this is shown in 
Fig. 24-7. 

Low-voltage Wiring. — The usual doorbell and buzzer sys- 
tem will be installed in accordance with the principles already 
outlined in other chapters. In addition it is necessary to take 
into consideration the problem created by the longer lengths 
of Avire involved in buildings of substantial size. 

In the Aviring of fairly large apartments it is not uncommon 
for the doorbell and buzzer system to be installed in accord- 
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ance with the diagram of Fig. 24-9. Theoretically this 
diagram is correct, but if ordinary No. 18 wire is used, as in 
residential work, it will be found that the more distant bells 
ring rather faintly because of the substantial voltage drop in' 
the long run of the small Avire. A drop of 2 volts in a 1 1 5-volt 



Fig. 24-9. — Using this 
wiring diagram, the moic 
distant bells ring too 
faintly, the near-by ones 
probably too loudly. 



Fig. 24-10. — Using this 
wiring diagram, all bells 
ring with equal volume. 
It requires only a little 
more material than the 
other. 


circuit is not so serious, but when the starting voltage is only 
about 10 volts or thereabouts, a 2-volt drop is of the order of 
20 per cent. If the transformer voltage is stepped up suffi- 
ciently so that the more distant bells ring properly, the near-by 
bells ring too loudly. A larger size of wire helps, but the 
distant bells still ring less loudly than the ones nearer the 
transfornner. 
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The solution is to use the circuit of Fig. 24-10. A little more 
wire is involved, but if this circuit is analyzed, it will be found 
that the number of feet of wire involved for any one bell is 
exactly the same as for any other bell. Accordingly all will 
ring with equal volume; a transformer voltage that is correct 
for one is correct for all the others. 



Edwards & Co, 

Fia 24-11 — 
A typical dooi 
opeiiei 


\^'But1on in 
otparfmeni 


Door Lafch released when 
opener / buffon is pushed 

Doo r 


Boltin 
door lock 

Same transformer 
used for door bell system 

liSy.AC. 

Tia 24-12 —Installation of dooi openoi 



Door Openers. — Most apartments have the door leading 
into the inside hall equipped with a door opener so that 
intiudeis cannot enter. Pushing a button in any apartment 
releases a latch vhich permits the door to be opened. A 
typical door opener is shown in Fig. 24-11. It consists simply 
of an electromagnet, similar to that found in a doorbell, 
which releases a latch when the button is pushed, permitting 
the door to be swung open. The opener is mortised into the 
door frame opposite the lock in the door The diagram is 
most simple, as Fig. 24-12 shows. 
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Miscellaneous. — An aerial system for the tenants’ use is 
often installed, using outlets of the type that were shown in 
Fig. 20-15. Devices are available which make it possible to 
have a single aerial on the roof serve efficiently for all the 
tenants, thus eliminating the hopeless jumble of aerials and 
leadins which is inevitable when each tenant installs his own 
aerial system. 


All-Steel Equip. Co. 

Fig. 24-13. — This laundry-box outlet may be padlocked by the tenant. 

In the basements of small apartment buildings it may be 
found expedient to install separate laundry boxes of the type 
shown in Fig, 24-13. Use of these boxes, one for each tenant, 
with a connection to his meter, will permit each to use only 
the power for which he himself pays. The box can be pad- 
locked by the tenant, making it strictly his own. 
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1947 CODE REQUIREMENTS WITH RESPECT TO WIRE 

It is suggested that the reader at this point review Chap. 6, 
which outlined many basic principles that will not be repeated 
in this chapter. 

What Determines Carrying Capacity of Wire. — Before 
entering into a discussion of the 1947 Code and its provisions 
concerning wire, it will be well to give thought to the reasons 
why the carrying capacity of any given size of wire varies 
with the kind of insulation on the wire and the method of 
installation. 

Copper is not harmed by heat; insulation is harmed by 
heat. If insulation is overheated, it is harmed in various 
ways, dependent on the degree of overheating and the kind 
of insulation. Some kinds melt, some harden, some burn. 
In any event insulation loses its usefulness if overheated, 
leading to breakdowns and fires. 

The carrying capacity in amperes specified in various tables 
for any particular kind and size of wire is the amperage that 
it can carry without increasing the temperature of its insu- 
lation beyond the danger point. Ordinary rubber insulation 
will stand the least heat; consequently rubber-insulated wire 
has the lowest carrying capacity of all the different kinds. 
Asbestos will stand the most heat; consequently asbestos- 
insulated wire has the highest carrying capacity. The tem- 
perature of the asbestos-insulated wire when carrying its rated 
amperage will be higher than the temperature of the rubber- 
insulated wire carrying its rated amperage, but its insula- 
tion, being designed for it, will not be harmed by the higher 
temperature. 

The rated carrying capacity of each kind and size of wire is 
based on the assumption that the wire is installed in a room 

400 
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temperature of 30®C., or 86®F. • The table on pages 403 to 405 
shows the maximum' temperature that the insulation of differ- 
ent types of vrire is permitted to reach. That temperature 
will be reached if the wire is carrying its rated amperage in a 
room that has a temperature of 30°C., or 86®F. 

If the room temperature is higher than the assumed stand- 
ard, then the insulation of a wire while carrying its full rated 
amperage will reach a temperature higher than is safe or 
permissible. Therefore when installed in hot locations, the 
rated amperages must be reduced. How to apply the proper 
correction factors will be explained later. 

Previous Codes. — In order to appreciate fully the pro- 
visions of the 1947 Code with respect to wire, it will be neces- 
sary to review the treatment of this subject in earlier Codes. 
The 1937 and earlier Codes recognized only three kinds of 
insulation on wires: rubber, varnished-cambric, and others. 
The table of carrying capacities consisted of three columns, 
corresponding to the three kinds of insulation. The carrying 
capacity was the same, regardless of whether the wires were 
installed in conduit or mounted in free air; no provisions 
were made for corrections dependent upon room temperature. 

By the time the 1940 Code was established, several new 
types of wire had become available, such as synthetic insula- 
tion (Type SN), latex-insulated (Type RU), and also types 
with the usual grades of insulation but with less of it (Types 
RPT and RHT). The table of carrying capacities grew from 
three columns to seven, then multiplied by tw6 to provide 
two tables, one to be used when the wire is installed in conduit 
or in the form of cable, the other when installed as open wiring 
(which was entirely sensible because wire mounted in the open 
radiates its heat and therefore can carry a higher amperage). 
As compared with the 1937 Code, the 1940 edition greatly 
reduced the carrying capacity of the larger sizes; in some 
cases the reduction was over 50 per cent, thus requiring the 
installation of wires twice as heavy as were required under 
the 1937 Code. Moreover, smaller sizes of wire were given 
precise carrying capacities such as 18, 31, 54 amp., with no 
available fuse sizes to correspond. 
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All told, the spirit of reform that apparently overcame those 
who established this part of the 1940 Code apparently carried 
too far, with the result that the provisions of the 1940 Code 
wdth respect to wire were rather flagrantly disregarded as 
unworkable. The impact of war, with the extreme necessity 
for conserving copper, further upset the possibility of enforce- 
ment. Interim amendments were therefore issued more or 
less permitting use of the 1937 setup. 

The 1947 Code. — During the 7 years that passed between 
the 1940 and 1947 Codes, insulations in general were very 
greatly improved in quality, and new styles of insulation 
were produced. The permissible carrying capacities are now 
much greater than under the 1940 Code, although in most 
cases not so high as under the 1937 Code; the smaller sizes 
are greater than under the 1937 Code. All carrying capacities 
are rounded off so that all values end in 5 or 0. 

The presentation and the entire setup under the 1947 Code 
have been considerably simplified as compared with the 1940, 
although they are still more complicated than the 1937, con- 
sidering the fact that there are more kinds of wire. 

Types R, RP, RH Rubber-covered Wires. — The 1940 Code 
recognized these three grades of insulation on rubber-covered 
wires. The insulations were considered safe so long as their 
temperature did not exceed 50, 60, and 75°C., respectively. 
Three grades of insulation however proved impractical from 
a manufacturing and stocking standpoint, especially consider- 
ing the various colors that had to be made available. The 
1947 Code takes this into consideration, and accordingly has 
abolished the Type RP, and thus recognizes only two types: 
improved Type R (equivalent in quality to the abolished Type 
RP, not harmed unless the temperature of the insulation 
exceeds 60®C., or 140°F.) and Type RH (same as the Type 
RH under the 1940 Code, and not harmed unless the tempera- 
ture of its insulation exceeds 75°C., or 167°F.). 

From the foregoing it should be obvious that for a period 
of time, in changing from the 1940 to the 1947 Code, there 
will be available two grades of Type R wire: the old or 1940 
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Conductor Insulations 


Trade name 

Type 

letter 

Insulation 

Thickness of insulation 

Outer covering 

Rubber-covered 
fixture wire — 
solid or stranded 

RF64 
HP -32 

Codt rublier 

C ode rubber 

18 

18 16 

1 8 » in 
■^h4 m 

Cotton 

C otton 

Rubber-coven d 
fixture wire 
flexible stranding 

PP 64 
rp 

Code rubbir 
( od rublxr 

18 

18 16 

^4 in 
9^54 in 

( otton 

C otton 

Thermoplastic 
covered fixtun 
wire — solid or 
stranded 

IP 

1 hern oplastic 

18 16 

4 in 

Non 

Thermoplastu 
covered fixture 
wire — flexibU 
stranding 

TFP 

Thi rmo| lastu 

IS 1( 

464 in 

N( n 

( otton-co\ ertd 
heat rtbist uit 
fixtun win 

CP 

Impregnated 
( otton 

18 14 

4 m , 

Non 

Abbtstos (overtd 
heat-rcbistant 
fixtun wire 


Impregnated 
aslx stos 

18 U 

t m 

Noiu 

C od( 

! R 

( ode rubber 

14 12 

10 

8 2 

1 4 0 

213 500 

501 1000 

1,001 2 000 

t m 

4 in 

^ 4 m 

4 m 

1 4 in 

7 4 in 
« 4 in 

Moisture resist ti 
flame retardant 
hbrous e ivt ring 

Heat-resistant 

RH 

1 

Heat resistant 
rubber 

14 12 

10 

8 2 

1 4/0 

213 500 

501 100) 

1,001 2 000 

2 84 m 

m 

■*64 in 

04 in 

)4 111 

4 in 

8 4 m 

Moisture resistant 
flame-rctardant 
fibrous covering 

Moisture-resist int 

RW 

! 

Moisture 

resistant 

rubber 

14 10 

8 2 

1 4/0 

213 500 

501-1,000 

1,001-2,000 

*64 in 
464 m 

64 in 
9^4 in 
^64 m 
964 in 

Moisture resistant 
flame-retardant 
fibrous covering 
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CoNDtrcTOB Insulations — (Continued) 


Trade name 

Type 

letter 

Insulation 

Thickness of insulation 

Outer covering 

Latex 

RU 

00 % unmilled 

14-10 

IS mils 

Moisture rtsistant 



gramless 

8-6 

25 mils 

flame retardant 



rubber 



fibrous covering 




14 10 

^tt4 m 





8 

•*64 m 




Flame 

6-2 

^64 m 


fhcrinoplabtic 

1 

retardant 

1 4/0 

64 m 

None 



thermoplastic 

213 500 

‘ 64 in 




eompouiid 

501 1000 

7^4 in 





10)1 2 000 

**64 in 





14 10 

hi in 





8 

*64 m 


Moisture rtsistant 

T^\ 

Flame retard 

6 2 

in 

Nont 

thermoplastic 


ant moisturt 

I 1 4/0 

64 m 




resistant 

213 500 

Ml m 




thermoplastu 

501 1000 

4 m 





1001 2000 

Ml in 






Th pi Asb 


1 hernioplastic ind 

TA 

Thermoplastu 

14 8 

20 mils 20 mils 

Flami retard uit 

isb« stob 


and asbestos 

6 2 

30 milb 25 mils 

cotton braid 




1 1-4/0 

40 unis 30 mils 





14 8 

*61 m 





0 2 

'‘64 m 


\ truished (Hiiibri | 

V 

Varnished 

1-4/0 

M4 m 

Fibrous ( ovcring or 

1 


cambric 

213 500 

‘ 04 in 

lead bh( ith 




501 1000 

1 m 





1,001 2,000 

4 in 




i 

(Dimensions in mils) 






AVA AVI 






V( asb asb 





1 14 8 (sohd only) 30 20 25 

AVA asbestos braid 

Asbt&tob and 

AVA 

Impregnated 


AVA AVL 


varnished 

and 

asbestos and 


1st 2nd 2nd 


cambric 

AVL 

varnished 


asb VC asb asb 




cambric 

14 8 

10 30 15 25 





6-2 

15 30 20 25 





1-4/0 

20 30 30 30 

AVL-asbestos braid 




213-500 

25 40 40 40 

and lead sheath 




501 1,000 

30 40 40 40 



1 


1,001-2,000 

30 50 50 50 
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OoNDUCTOB Insulatioks — (Continued) 


Trade name 

Type 

letter 

Insulation 

Thickness of insulation 






VC Asb 




18 8 (solid only) 


30 20 




6 2 (solid only) 


40 30 




1-4/0 (sdid only) 


40 40 

\sbestoB and 


Impregnated 



2nd 

-varnished 


asbestos and 


4sb 

VC asb 

( am brio 


varnished 

14 8 

10 

30 15 



cambric 

6-2 

15 

30 20 




14/0 

20 

30 30 




213-500 

25 

40 40 




501-1,000 

30 

40 40 




1,001-2 000 

30 

50 50 

Asbestos 

A 

Asbestos 

14 


30 mils 




12 8 


40 mils 




14 


30 mils 

Asbestos 

AA 

Asbestos 

12 8 


30 imls 




6-2 


40 mils 




1 4/0 


, 60 mils 

Asbestos 

AI 

Impregnated 

14 


30 mils 



asbestos 

12 8 


40 mils 





bol 

Str 




14 

30 mils 

30 mils 




12-8 

30 mils 

40 mils 

Asbestos 

AIA 

Impregnated 

6-2 

40 mils 

60 mils 



asbestos 

1-4/0 

60 mils 

75 TniU 




213-500 


90 mils 




501 lOUO 


105 mils 

Paper 


Paper 





14-10 


V4 in 



3 braids im 

8-2 


4 64 in 



pnguatcd 

1-4/0 


64 m 

Slow burning 

bB 

firei’etardant 

213-500 


< 64 m 


cotton thread 

501 1,000 


■^04 m 




1,001-2,000 


"^04 m 




14-10 


*^4 in 




8-2 


Hi in 

Slow burning 


2 layers im- 

1-4/0 


'*64 m 

weatherproof 

SBW 

pregnated 

213-500 


%4 m 



cotton thread 

501-1,000 


T64 in 




1,001-2,000 


^4 in 



At least three 






impregnated 




Weatherproof 

WP 

cotton braids 






or equivalent 





Outer covering 


Flame-retardant 
cotton braid 
(switchboard 
wiring) 


Flame-retardant 
cotton braid 


Without asbestos 
braid 


With asbestos 
braid 


Without asbestos 
braid 


With at>bchto^ 
braid 


Load sheath 


Outer cover finished 
smooth and hard 


Outer fire-retardant 
coating 


The fibrous covering over individual rubber-covered ccmductors of lead-sheathed or multiple-ccmdaotor 
cable 18 not required to be flame-retardant For armored cable, see Code Sec 93341 For nonmetalhc- 
sheathed cable, see Code Sec 
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variety and the improved 1947 variety. To distinguish one 
kind from another, look at the Underwriters’ label on the coil 
of wire: the improved variety will be overstamped '^1947 
Code.” 

Types RPT and RHT Rubber-covered Wire. — The 1940 
Code recognized these two types, which were identical with 
Types RP and RH as to quality of insulation, but Avere pro- 
vided with a thinner wall of it. These types were recognized 
only in Nos. 14 to 8 and permitted only for rewiring in exist- 
ing raceways. The 1947 Code abolishes these two types, but 
it should be noted that the Types R and RH under the new 
Code have, in Nos. 14 and 12, a wall of insulation only %4 in. 
thick, which is the same as the old Types RPT and RHT in 
those two sizes. The quality of insulation has very greatly 
improved since 1940, making this change in wall thickness 
possible. 

TypeR vs. Type RH Rubber-covered Wire. — In the larger 
sizes, Type RH has considerably greater carrying capacity, 
size for size, than the Type R; since it can carry more amper- 
age, a smaller size may be used in Type RH in i)lace of a 
larger size of Type R. The more expensive Type RH then 
often becomes less expensive for a particular amperage than 
the cheaper Type R. This is especially true when the use of 
smaller size of Type RH also permits a smaller size of conduit 
to be used. For example, to carry a 200-amp. 3-phase load 
in conduit, if Type R wire is used, three 250,000-c.m. cables 
will be required, which in turn means that 232 -in. conduit 
must be used. If Type RH wire is used. No. 000 is suffi- 
cient, requiring only 2-in. conduit. Under the 1940 Code, 
using Type R insulation, 300,000-c.m. cable in 3-in. conduit 
would have been required. 

Varnished-cambric Insulation. — Although rubber is an 
excellent insulator, it deteriorates rapidly under conditions 
of extreme heat. Moreover, the rubber must be fairly thick 
to withstand high voltages. It'has been found that cambric 
cloth treated with certain insulating varnishes will safely 
withstand, without deterioration, higher temperatures than 
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rubber; a given thickness will withstand, without breaking 
down, higher voltages than an equivalent thickness of rubber. 

This simply means that a conductor of a given size will 
safely carry more amperes when insulated with varnished 
cambric than when insulated with rubber; consequently the 
thickness of the insulation may be reduced. For a given volt- 
age and amperage, varnished-cambric insulated wire can be of 
a smaller over-all diameter than rubber-covered wire. Par- 
ticularly where relatively high amperages are involved, the 
use of varnished-cambric wire may permit using smaller sizes 
of conduit; sometimes physical conditions prevent using con- 



National Elec. Products Corp. 

Fig. 25-1. — Varnished-cambric insulation wire. This type withstands heat 
better than rubber-covered wire and is smaller in size. 

duit of a size that would be required were rubber-covered wires 
used, although the smaller conduit required for the smaller 
varnished-cambric wire is usable. At other times an instal- 
lation may be made using conduit which appears entirely 
adequate; later it may be found that higher amperages are 
required. The conduit in use may not permit larger rubber- 
covered wire to be installed, but, by the use of the varnished- 
cambric wires of smaller diameter, the same conduit can be 
used, thus providing the higher amperage required. 

For example, to carry 150 amp.. No. 000 rubber-covered 
ivire with an over-all diameter of 0.73 in. is required. If the 
varnished-cambric type is used, only No. 0 with an over-all 
diameter of 0.58 in. is required. 

Wire insulated mth varnished cambric only, or with var- 
nished cambric plus an overbraid of cotton or asbestos as 
shown in Fig. 25-1, may be used only in dry locations. If it 
has also a sheath of lead, it may be used in wet locations 
(Code Sec. 3102). If the insulation consists of varnished 
cambric only (Code Type V), the wire may be used only 
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Avhere its operating temperature when carrying its rated 
current does not exceed 85°C., or 185®F. If it has also a 
layer of asbestos and a final braid of cotton (Code Type AVB), 
the limits are 90®C., or 194°F., and if it has a layer of asbestos 
plus a final braid of asbestos (Code Type AVA), it may be 
used up to 110°C., or 230°F. 


U. 8, Rubber Co. 

Flu. 25-2. — Slow-burning wire is used where considerable heat exists. 

Slow-burning Wire. — If the temperature exceeds that per- 
mitted for varnished cambric but is not over 194°F. (90°C.), 
a slow-burning wire of the type known as SB is to be used 
(Code Sec. 3102). It is pictured in Fig. 25-2 and may be used 
only in permanently dry locations. It is commonly used on 
switchboards and panelboards where a great number of con- 
ductors are in use, close to each other, and generating con- 
siderable heat. 


17, 8. Rubber Co. 

Fig. 25-3. — Asbestos insulation wire is used under conditions of extreme heat. 

Asbestos-covered Wire. — If the temperature exceeds 194°F. 
(90°C.), the limit for slow-burning Avire, asbestos-covered wire. 
Type A, must be used. It may be used only in permanently 
dry locations (Code Sec. 3102). This wire is made in various 
types, the most common of Avhich appears in Fig. 25-3. 

Slow-burning Weatherproof Wire. — This wire, known as 
Type SBW, is more or less interchangeable with the asbestos 
wire except that it may be used only in permanently dry 
locations for open wiring where the wires are supported on 
insulators and spaced as required for open wiring; the tem- 
perature limits are 90®C., or 194°F. (Code Sec. 3102). 

Tjrpes T and TW Insulation. — The 1940 was the first Code 
to recognize wires with insulation made of various synthetic 
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plastics, containing no rubber. This type of wire was desig- 
nated Type SN (= synthetic) It was permitted only in 
sizes not heavier than No. 0000, and its use was confined 
entirely to rewiring in existing raceways. 

Between 1940 and 1947 came the intervening war years. 
Rubber was unobtainable, for all practical intents and pur- 
poses. Under these stimuli, the progress in improving the 
electrical and mechanical properties of plastic insulations was 
most extraordinary, telescoping into a few years progress that 
was probably equivalent to what might have taken place in 
20 ordinary years without the spur of war emergency. It is 
therefore no surprise that the 1947 Code gives much greater 
recognition to this new type of wire than did the 1940 Code. 

The 1947 Code has redesignated this wire as Type T (for 
^thermoplastic'’) insulation, which describes its nature scien- 
tifically, and to differentiate it from insulations of synthetic 
rubber, now considered the equivalent of natural rubber; see 
footnote, .page 87). Type TW is a modified type that is 
especially resistant to water. 

Under the 1947 Code, Type T or TW may be used for all 
general purposes in Nos. 14 to 0000. For open wiring on 
insulators it may be used in all sizes from No. 14 to 2,000,000 
c.m., the largest recognized size. 

This new type of insulation, which has in its make-up no 
trace of rubber either natural or synthetic (artificial), con- 
sists of various plastic compounds differing somewhat from 
manufacturer to manufacturer. Basically, the compound 
falls into what chemists call ‘^plasticized polyvinal chlorides." 
This material for purposes of insulation retains practically all 
the good and proved characteristics of rubber and, in addition, 
has better mechanical strength; still more important, it does 
not deteriorate under exposure to sunlight, acids, oils, and 
other chemicals which ruin rubber. On the other hand it 
must be said that thermoplastic insulation will stiffen and 
become brittle at low temperatures — lower than 0®F. There- 
fore this kind of wire should not be installed in very low 
temperatures, for the insulation may crack or even fall off. 
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Of course if installed in ordinary temperatures, it is still 
usable at subzero temperatures, if once installed the wires 
are not subject to movement. 

Since this type of insulation is in itself flame-retardant, 
tough mechanically, and also quite smooth, no outer braid 
of cotton or similar material is required, as is the case with 
all other insulations. The net result is a wire which size for 
size is no larger in diameter, and in most cases is a good deal 
smaller, than other types of approved wire. Smaller wires 
mean less labor in installation. Watch this type of wire for 
future popularity and general use. 

Type RU Insulation. — This is a completely new type which 
was recognized for the first time in the 1940 Code. The 
insulation, instead of being applied to the wire in one thick 
layer, is applied by running the wire repeatedly through a 
liquid rubber compound known as latex, with a drying or 
vulcanizing process between successive applications. The 
result is a completed wall of insulation which consists of many 
layers thoroughly welded together, of an exceeding high insu- 
lating value, giving a very high value of both mechanical 
strength and insulating values per unit of thickness. Because 
of this the total wall of insulation is much thinner than in 
any other type of wire, which naturally makes the over-all 
diameter smaller also. A cotton layer over the top, with a 
flame-retardant finish, completes the assembly. 

In the 1940 Code this new type of wire was recognized only 
in Nos. 14 to 10 and permitted only for rewiring in existing 
raceways. The 1947 Code recognizes this type in Nos. 14 
to 6, and it may be used for all general purposes. It seems 
likely that this type of wire will gain in popularity as time 
goes on, because of its extraordinary insulating qualities and 
other advantages. 

Other Tjpes. — Other types are shown in the table on pages 
403, 404, and 405, but since these will rarely be used in instal- 
lations of the scope covered by this book, they will not be 
covered in detail here. 
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Using Code Table 1. — ^At first glance this table may seem 
very complicated, but for installations within the scope of 
this book it is quite simple. Remember that the carrying 
capacities shown for different sizes apply only if the follomng 
conditions are all met: 

1. The wires are used inside a raceway (conduit) or in the form of 
cable. (If exposed or concealed knob and tube work is used, use the 
carrying capacities shown in Table 2.) 

2. Not more than 3 wires are used in the same conduit or cable. The 
neutral wire is not counted except in the case of a 3-wire circuit consist- 
ing of two phase wires and the neutral of a 4-wire 3-phase system (Note 
5, Tables 1 and 2). (If 4 to 6 wires are used, reduce the capacities to 
80 per cent, and if 7 to 9 wires are used, to 70 per cent of the values shown.) 

3. The room temperature is not over 30°C. (86®F.). [If higher room 
temperatures are encountered, apply the correction factors shown below 
the table. For example, if No. 8 Type RH wire with a normal carrying 
capacity cf 45 amp. is to be used in a room temperature of 40 °C. (104°F.), 
the corrected carrying capacity is 45 X 0.88 or 39.6 amp.] 

Bare Wire. — When its use was permitted under the 1937 
and earlier Codes, bare wire was assigned current-carrying 
capacity considerably higher, size for size, than that of rubber- 
covered wire. Under the 1940 and 1947 Codes bare wire 
(where its use is permitted) may carry no more current than the 
same size of the particular type of insulated wire used with it. 




PARTS 

ACTUAL WIRING: NONRESIDENTIAL PROJECTS 

Part 3 of this book covers the same subject matter as Part 2 
but applies to nonresidential structures, such as factories, 
stores, schools, and similar projects. 

Buildings of this type involve greater amounts of power, 
higher amperages, heavier wires, and other problems not met 
in residential work. Nevertheless the method of installation 
is in most respects greatly similar to that employed for resi- 
dential work, and accordingly only new problems will be here 
explained. 

Only the smaller projects are included. The very large 
projects, such as skyscrapers and steel mills, have been delib- 
erately avoided as being beyond the scope of this book. This 
is also the case with all wiring at voltages in excess of 600, 
transformer vaults, and similar subjects which are encountered 
only in the larger projects. 




CHAPTER 26 


PLANNING NONRESIDENTIAL INSTALLATIONS 

The wiring of nonresidential projects follows the same basic 
principles covered in Parts 1 and 2 of this book, but a con- 
siderable number of new problems arise. Much larger amper- 
ages must be handled than is customary in ordinary residential 
work. Sometimes the voltages are higher. Frequently poly- 
phase power is involved in addition to the usual single phase. 
Devices and materials are used which are not common in 
residential work. Some points, which in residential work are 
left to the discretion of the contractor, are covered specifi- 
cally by the Code for nonresidential work. 

Heavy-duty Lampholders. — A lampholder, which term is 
seldom met outside the Code, is simply a socket or other 
device by means of which current is carried to the bulb. A 

heavy-duty’^ lampholder is the ordinary mogul socket, or 
any other type if more than 300 watts is involved, for example, 
the bipost type described in Chap. 14. 

Many types of circuits in nonresidential work are restricted, 
so far as lighting is concerned, to lampholders of the heavy- 
duty type. When a lighting fixture contains in a single unit 
both heavy-duty lampholders and smaller sockets for ordinary 
bulbs, it may still be used on a circuit which is ordinarily 
restricted to the heavy-duty type. 

Branch Circuits. — The general provisions regarding branch 
circuits outlined in Parts 1 and 2 apply not only to houses, but 
also to ‘^apartments, guest rooms of hotels and clubs and in 
other occupancies used for dwelling purposes.” For nonresi- 
dential occupancies the requirements are totally different. 

In nonresidential occupancies each outlet is assumed to 
carry a specific load, which automatically limits the number of 

415 
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outlets per circuit. If the outlet is to serve a heavy-duty 
lampholder, an arbitrary minimum load of 5 amp. is assumed 
for that outlet. Every other outlet^ is assigned an arbitrary 
minimum load of 13^ amp. These are minimum specifica- 
tions, and if, for example, 750-watt bulbs are definitely speci- 
fied, consuming roughly 7 amp. each, obviously allowance 
must be made for that amperage instead of the Code minimum 
of 5 amp. 

From this starting point it is a simple matter to determine 
how many outlets may be served by any particular branch 
circuit. In this calculation it is necessary to bear in mind the 
requirement of See. 2116 of the Code, which specifies that, if a 
circuit supplies a continuous load, for example, store lighting, 
the load shall not exceed 80 per cent of the capacity of the 
circuit. The presumption is that, if some of the outlets on 
the circuit are controllable by individual switches, the load is 
not continuous. 

Fifteen-ampere Branch Circuits. — ^The basic requirements 
are the same as for residential work. However, since each out- 
let is limited to 1)^^ amp., obviously each circuit may have not 
over 10 outlets. If any of the outlets serves a heavy-duty 
lampholder, the number of outlets is reduced in proportion. 

Twenty-ampere Branch Circuits. — In nonresidential work 
the 20-amp. circuit is quite generally used for lighting, as 
also for small power loads. Wired with No. 12 wire, it is pro- 
vided with 20 amp. overcurrent protection. 

If the circuit serves mily lighting outlets, the sockets may 
be of the type designed for fluorescent lighting^ or may be of 
the ordinary medium-base type if made of porcelain and if they 
do not have built-in switches such as pull-chain, key, or similar 

1 Where multi-outlet assemblies of the type described on pp. 336 and 337 
are used, the Code specifies, in Sec. 2116c3, that “each 5 feet or fraction 
thereof of each separate and continuous length shall be considered as one 
outlet of not less than ampere capacity; except in locations where a 
number of appliances are likely to be used simultaneously when each one 
foot or fraction thereof shall be considered an outlet of not less than 
\li amperes.” 
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type. Under all other conditions heavy-duty sockets must 
be used. 

Receptacles used on the circuit must be of the 20-amp. type 
with two exceptions: Ordinary 15-amp. receptacles may be 
used if the circuit serves only small appliances and lighting 
units with heavy-duty sockets, and also if the receptacles are 
for ‘‘fixed lighting units.^^’ 

A 20-amp. circuit has a capacity of 115 X 20, or 2,300 watts. 
If the common 4-tube 40-watt fluorescent unit is used for 
lighting, the error may be made of dividing 2,300 by 160 and 
arriving at an answer of 14 such units per circuit. However, 
as pointed out in another chapter, the 40-watt rating of a 
fluorescent lamp is that of the lamp itself; its ballast requires 
additional power; the lamp does not have 100 per cent power 
factor. The over-all wattage of a 4-lamp unit is more nearly 
200 watts, and considering power factor, each unit consumes 
about 2 amp. The maximum capacity then is 10 units per 
circuit, or 8 units if the lighting is continuous. Moreover, 
since in nonresidential work the runs are often quite long, load- 
ing the circuit to its full capacity may easily lead to excessive 
voltage drop. It is wise to limit carefully the number of units 
per circuit. 

If any outlet serves a heavy-duty socket, the Code requires 
a minimum of 5 amp. per outlet, which means a maximum of 
four per 20-amp. circuit, reduced to three if the entire circuit 
is controlled by a single switch. 

Thirty- and Fifty-ampere Branch Circuits. — The details of 
these circuits have already been covered on page 180. Note 

^ The Code definition reads; “Fixed lighting units are those that are 
intended to remain in fixed positions and are connected to the permanent 
wiring either directly, or through receptacles provided to facilitate servic- 
ing and replacements.” This has reference primarily to fluorescent 
lighting units, which are usually quite large and bulky and frequently 
require cleaning. Consuming small wattages, plug-and-receptacle con- 
nections are adequate to the small current involved. The plug-and- 
receptacle arrangement permits the entire unit to be disconnected and 
brought to ground level for cleaning and servicing. 
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that 15-amp. receptacles for fixed lighting units may not be 
used, as in the case of the 20-amp. circuit. 

Which Circuit to Use. — great many factors will influence 
the choice between 15-, 20-, 30-, and 50-amp. circuits. If 
each fixture is on a separate circuit controlled by a switch on 
the panelboard, then naturally the lightest mre permissible 
would be used, considering the amperage involved and not 
overlooking voltage drop. 

If a number of outlets are to be on one circuit and controlled 
simultaneously by one switch on the panelboard, then the 
heavier circuits will automatically be required. If a number 
of outlets are to be placed on one circuit, but individually 
controlled by pull chains or other local switches, the heavier 
circuits will probably be found more economical. 

Taps. — On 20-amp. and heavier circuits, taps to individual 
lampholders or fixtures, or, if not over 18 in. long, those to 
receptacles which supply lampholders, may be smaller than 
the wire used in the circuit proper. For these purposes No. 14 
wire may be used except on the 50-amp. circuit, where No. 12 
is the minimum. This is subject to the restriction that the 
specific load served by the tap in question must not exceed 
15 amp. in the case of the No. 14 wire, and 20 amp. in the 
case of No. 12. If the specific load is greater, larger wire 
must be used. 

Appliances. — The requirements for nonresidential use are 
the same as for residential use; therefore this subject need not 
be covered again (see Chap. 12). 

Motors. — The wiring of electric motors is a sufficiently 
complex subject to warrant an entirely separate chapter, which 
will follow later. 

Service Entrance Problems. — Before going into this subject, 
it will be well to review a few definitions that were originally 
covered in Chap. 12. Service conductors are the wires that 
extend from the power company's distribution system up to 
the service switch. The service drop is that portion of the 
service conductors which runs overhead; the service drop ends 
where the wires attach to the building. The service entrance 
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(5onductors consist of that portion of the service conductors 
from the point where the service drop ^ends up to the service 
switch. If the service is underground, there is no service drop, 
and the entire underground run of mre from the power com- 
pany’s wires up to the service switch then makes up the service 
entrance conductors. 

A building is defined by the Code as “a structure which 
stands alone or which is cut off from adjoining structures by 
unpierced fire walls.” 

Several Service Drops per Building. — This subject is 
thoroughly covered by the Code in Sec. 2321, which reads as 
follows: 

2321. Number of Drops. No building shall be supplied from the 
same transformer, or from the same secondary distribution system, 
through more than one service drop, except as follows: 

a. Fire Pumps. If a separate service is required for fire pumps. 

b. Emergency Lighting. If a separate service is required for 
emergency lighting purposes. 

c. Capacity Requirements. If capacity requirements make mul- 
tiple services desirable. 

d. Buildings of Large Area. By special permission, if more than 
one service drop is necessary due to the area over which a single 
building extends. 

e. Multiple-occupancy Buildings. By special permission, in 
multiple-occupancy buildings where there is no available space for 
service equipment accessible to all of the occupants. 

The exceptions noted above should require no great amount 
of explanation. Obviously it is desirable to have a separate 
source of power available for fire pumps and for emergency 
lighting. Likewise, where a large building is occupied by 
a number of tenants, it would be objectionable to have one 
service entrance controllable by one tenant, with the other 
tenants not able to get at the service switch at all. In 
that case a number of service drops may be used, although 
generally it would perhaps be better to contend with one drop, 
with several sets of service entrance conductors. 

It should be noted that a single-phase distribution system 
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and a polyphase distribution system are considered separate 
systems, so that it is entirely in order to serve a building with 
a single-phase drop for lighting and similar purposes and also 
a polyphase drop for the power requirements. 

Several Sets of Service Entrance Conductors per Building. 
Generally speaking only one set of service entrance conducitors 
is permitted per building, but there are a number of exceptions. 
Obviously, where more than one service drop is permitted, as 
discussed above, each drop will require its own set of service 
entrance wires. 

In a multiple-occupancy building it is usually necessary to 
provide each tenant with a separate meter with its discon- 
necting means and overcurrent protection. The several 
methods that may be used are the same as already covered in 
connection with apartments in Chap. 24 and as shown in Figs. 
24-1, 24-2, and 24-4. 

Skeleton of Nonresidential Installation. — In a small instal- 
lation the cabinet housing the service switch in most cases 
contains the main overcurrent protection and often also the 
branch-circuit overcurrent protection. In larger installations 
the distances involved and the number of branch circuits in 
use usually make it totally impractical to lead all circuits 
back to a common starting point. In that case the wires run 
from the service switch to a switchboard; from the switch- 
board, feeders are run to panelboards; from the panelboards, 
individual circuits are run as required. 

Figure 26-1 shows at ^4 a typical single-story building which 
might be a factory or office building or store. At B is shown 
a similar layout in a three-story type, while at C is shown a 
somewhat more elaborate installation. 

Switchboards and Panelboards. — Switchboards and panel- 
boards are nothing but convenient distribution points where 
one incoming set of wires is broken up into more and more 
individual runs of wire. All necessary switches, overcurrent 
devices, instruments, and similar accessories are located at 
such points. Look at such a system as you would a big oak 
tree: the trunk is the service entrance wire, the point where 



PLANNING NONRESIDENTIAL INSTALLATIONS 421 


the trunk breaks up into half a dozen large branches is the 
switchboard, and the points where the large branches in turn 
split up into smaller branches are the panelboards. 
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Fig. 26-1. — Typical distribution systems of switchboard and panelboards. 


There is nothing in the Code which requires that an instal- 
lation must have one switchboard plus a number of panel- 
boards. These devices are installed to suit the convenience 
of the user. Often the service wires run from the service 
switch to a main panelboard and from there to other panel- 
boards. As a matter of fact, it is difficult to define when a 
panelboard ceases to be a panelboard and becomes a switch- 
board. The Code, however, makes some distinctions and 
defines the two as follows: 


Switchboard : A large single panel, frame, or assembly of panels, on 
which are mounted, on the face or back or both, switches, overcur- 
rent and other protective devices, buses, and usually instruments. 
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Switchboards are generally accessible from the rear as well as from 
the front and are not intended to be installed in cabinets. 

Panelboard ; A single panel, or a group of panel units designed for 
assembly in the form of a single panel; including buses and with or 
without switches and/or automatic overcurrent protective devices 
for the control of light, heat, or power circuits of small individual 
as well as aggregate capacity; designed to be placed in a cabinet or 
cutout box placed in or against a wall or partition, and accessible 
only from the front. 

Generally speaking, then, if the device is enclosed in a 
cabinet ^vith a master door, it is a panelboard; if mounted 



Square D Co. 
Fig. 26-2. — This simple 
fuse cabinet is also a panel- 
board. 


Square D Co, 
Fig. 26-3. — A larger 
fuse cabinet or panel- 
boai d. This particular 
unit contains toggle 
switches, each switch 
controlling one circuit. 


away from a wall and if accessible from back as well as front, 
it is a switchboard. There is no precise line of demarcation 
between the two. 

A simple fuse cabinet of the type showm in Fig. 26-2 is a 
panelboard. A larger panelboard is shown in Fig. 26-3. If 
the device were not in a cabinet but on a separate stand, it 
would be a switchboard. In addition to the branch-circuit 
overcurrent protection there may be a switch for each circuit, 
so that the entire circuit can be controlled by throwing the 
proper switch. The fuses may be ordinary plug fuses or the 
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largest type of cartridge fuses, or circuit breakers may be used 
instead. Not more than 42 overcurrent devices may be 
installed in a single cabinet. 

In addition the panelboard may contain a main switch dis- 
connecting the entire panelboard, and also main overcurrent 




t s 

Bull Dog Electric Products Co, 

Fill. 26-4. A small switchboard. There is no door over the entire mecha- 
nism, so the device is not a panelboard but a switchboard. The small doors 
shown are the dead fronts of the individual devices. 


devices protecting the entire panelboard. The main over- 
current protection is required on every panelboard that 
serves only lighting and appliance circuits if it is fed by wires 
which, in turn, are protected by overcurrent devices rated 
above 200 amp.; the overcurrent device in the panelboard 
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must not be greater than the rating of the panelboard in 
amperes. For example, a 100-amp. panelboard may be fed 
from wires which, in turn, are fused at 150 amp.; in that case 
no main overcurrent protection is required at the panelboard. 
If, however, it is fed by wires fused at 250 amp., then over- 
current devices not over 100 amp., the rating of the panel- 
board, are required on the panelboard. 

Feeders. — All the wires in an electrical system are termed 

feeders except the wires beyond the final overcurrent device, 
which are known as “ branch-circuit’^ wires. (Exception: 
when the over current device is used for motor running pro- 
tection, this definition is not correct; this will be covered fully 
in Chap. 28.) The wires from the service switch up to the 
switchboard constitute a feeder. The wires from the switch- 
board to each panelboard are feeders. When a panelboard 
feeds smaller subpanels, the feeders to such subpanels are 
sometimes known as subfeeders.” 

Feeder Sizes. — Into the feeder classification fall the service 
entrance wires also, so far as method of calculation of the size 
is concerned. This calculation is not a difficult procedure 
and is substantially the same as outlined in Chap. 12 in con- 
nection with ordinary residential work, except that the heavier 
loads as well as the varying Code requirements of watts per 
square foot must be taken into consideration. Total the watts 
required for lighting, plus appliances, plus motors; then divide 
by the voltage to arrive at the amperage, which, in turn, 
establishes the size wire required. 

Feeders — ^Lighting Load. — The watts per square foot 
required by the Code for the purpose of such calculations vary 
considerably with the type of occupancy of the building and 
are found in Sec. 2203 of the Code (see Appendix). Reference 
to this table shows that the requirement varies from watt 
per square foot in storage warehouses to 3 watts per square 
foot in schools and stores. Demand factors, also shown in 
Sec. 2203 of the Code (see Appendix), reduce this in many 
cases. Later chapters will cover the different types of occu- 
pancies in detail. 
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Feeders — ^Appliance. — Handle as in residential work. 

Feeders — Motor. — The Code in Tables 21, 22, 23, and 24, 
all of which will be found in the Appendix, specifies the full- 
load current of different types and horsepowers of motors at 
various voltages. If only a single motor is involved, add 125 
per cent of the amperage, which may be found in the proper 
table for the motor in question, to the amperage determined 
for lighting and appliances. 

If several motors are involved, add to the amperage deter- 
mined for lighting and appliances 125 per cent of the amperage 
of the largest motor in the installation, and the actual amperage 
of each of the other motors. If several motors are of the same 
size, consider one of them the largest and the others as the 
smaller motors. When a number of motors are involved, but 
not all of them are operated at one time, good judgment must 
be used in creating a demand factor. Likewise, if the motors 
do not operate continuously but rather intermittently or in 
regular cycles, a reasonable reduction from the full amperage 
that would otherwise apply is in order. The local inspector 
should be consulted in case of doubt. 

Determining Size of Service Entrance. — Proceed as in resi- 
dential wiring. Assume that the total calculated lighting 
and appliance load, after application of the proper demand 
factors, amounts to 26,800 watts. The amperage will then be 
26,800/230, or 117 amp. Assume the load for motors calcu- 
lated as outlined is 120 amp.; this makes a total of 237 amp. 
Table 1 (see Appendix) shows that, if Type R rubber-covered 
Avire is used, 300,000-c.m. cable is the minimum size permitted; 
if Type RH is used, 250,000-c.m. cable is sufficient. 

In like fashion the correct size wires for any other amperage 
may be determined. 

Neutral Feeders. — Most of the time the neutral of a feeder 
does not carry as much current as the ungrounded wires. This 
is never true in a 2-wire system, but consider what happens in 
a 3- wire system. Figure 26-5 shows the usual 115/230-volt 
circuit, except that two separate neutrals have been run instead 
of one. The voltage between A and B is 115 volts; between 
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C and D it is also 115 volts. Between A and D the voltage is 
230 volts. 

Assuming a 10-amp, load on A and B, also a 10-amp. load 
on C and 7), the current flows in each of the four wires in the 
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Fig. 26-5 — Two 2-wire circuits operating from a 3-wire feeder. 
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Fig. 26-6. — The two 2-wire circuith of Fig. 26-6 here are wired with a 
common neutral, which saves material and reduces voltage drop. Here the 
load on each half is the same. 

amounts shown and in the directions shown by the arrows. 
This should be evident if first A and B are considered sepa- 
rately, then C and D separately. 

Since, however, B and C are connected together, why use 
two separate wires? It is not necessary, and in practice a 
single wire is used as shown in Fig. 26-6, where there is one 
^^^re BC in place of two separate wires B and C. 

Consider now the current flomng in BC. In one direction 
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10 amp. flows (as in wire B of the previous example), and in 
the opposite direction 10 amp. flows (as in wire C of the pre- 
vious example). The two currents in opposite directions 
cancel out, and the wire BC carries no current at all. The 
circuit will work just as well if wire BC is missing entirely; 
this condition, of course, holds true only if the two loads on 
the two pairs of wires are absolutely identical. 

If, however, one of the two fuses blows, then BC will carry 
10 amp. So far as the neutral wire BC is concerned, there is 



Samp. 

load 


15-amp, 

had 


Fig. 26-7. — The baiiic cii cuit of Fig. 26-6, but with unbalanced loads. 


then said to be a maximum unbalance of 10 amp. because no 
matter which fuse blows, this wire cannot be made to carry 
over 10 amp. (assuming, of course, that the fuses are not 
increased above 10 amp.). 

Consider now the circuit shown in Fig. 26-7, which is the 
same circuit except that instead of having two loads each of 
10 amp., there is one of 5 amp. and another of 15 amp.; the 
fuses have also increased to 15 amp. The wire BC carries 
5 amp. in one direction, 15 amp. in the opposite direction, 
or a net actual 10 amp. If the fuse in wire D blows, BC will 
carry 5 amp., the load on wires A and BC, If the fuse in wire 
A blows, BC will carry 15 amp., the load on wires BC and D. 
The maximum unbalance is therefore 15 amp. 

Proceed now to Fig. 26-8, which is the same as Fig. 26-7 with 
the addition of a 20-amp. 230-volt load which is connected only 
to the wires A and Z). The main fuses have been increased to 
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35 amp., and two additional fuses of 15-amp. rating are used; 
hence neither of the two 115-volt loads can be increased above 
15 amp. Wire A will then carry the same 5-amp. load as 
before, plus the new 20-amp. load, or 25 amp. altogether. 
Wire BC is not connected to the new load, hence will carry 
the same current as before, or 10 amp. Wire D will carry the 
same 15-amp. load as before, plus the new 20-amp. load, or 



IS-i-20 amp, 

Jmg. 20-8. Tlie circuit of Fig. 26-7, plus a 230- volt load. 


35 amp. altogether. If the 35-amp. fuse in wire D blows, the 
new 20-amp. load is disconnected as is the 15-amp. load on 
BC and D; the wire will then carry only 5 amp. If the 35-amp. 
fuse in wire A blows, the new 20-amp. load is also disconnected 
as is the 5-amp. load on A and BC, and wire BC will carry 
only 15 amp. No matter what is done, the maximum unbal- 
ance will be only 15 amp. 

Since wires A and D may be called upon to carry 35 amp. 
and are protected by 35-amp. fuses, they must have a carrying 
capacity of 35 amp., and according to Table 1 they will be 
No. 8 wires if Type R rubber-covered is used. However, so 
far as wire BC is concerned, no matter what is done, it cannot 
be made to carry over 15 amp., the maximum unbalance. 
Why then should it be No. 8 like A and D? There is no 
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reason why it should be; indeed, it need be only big enough 
to carry 15 amp.; No. 14 is suitable. 

Calculating Maximum Unbalance. — The neutral feeder, in 
accordance with Code Sec. 2203g, must have a carrying 
capacity equivalent only to the maximum unbalance, which is 
very simply calculated. From the grand total amperage 
involved, deduct the total amperage of all 230-volt loads 
which are not connected to the neutral; the difference is the 
maximum unbalance. For example: 

Total load, 34,500 watts; at 230 volts this is . . 150 amp. 

230- volt load, 16,100 watts; at 230 volts this is 70 amp. 

Difference 80 amp. 

Accordingly, the neutral wire need have only 80 amp. 
carrying capacity, and Table 1 shows that, if Type R rubber- 
covered wire is used, it must not be lighter than No. 3. The 
other two wires naturally must be able to carry the full 150 
amp., which in the case of Type R wire means No. 000. 

In case the feeder supplies electric ranges, the neutral must 
have a carrying capacity of not less than 70 per cent of that 
of the “hot^^ wires, as determined from column A of Table 29. 
In other words, ranges must not be considered 230-volt devices 
(which they are not, because sometimes they operate at 115 
volts, sometimes at 230, depending upon the positions of the 
low-medium-high switches on the ranges) for the purposes of 
determining maximum unbalance. 

In the case of a 5-wire 2-phase system, the Code requires 
that the maximum unbalance obtained, as outlined above, be 
multiplied by 140 per cent. Thus, if the calculation shows a 
maximum unbalance of 80 amp., as above, but the system 
happens to be 5-wire 2-phase, the neutral \vire selected must 
have a carrying capacity of 140 per cent of 80, or 112 amp. 

A demand factor of 70 per cent may be applied to any 
unbalance in excess of 200 amp. For example, assume a total 
load of 425 amp., with 100 amp. of load which is not connected 
to the neutral, making a total unbalance of 325 amp. The 
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required carrying capacity for the neutral is then calculated in 
this way: 


200 amp. at 100 per cent demand factor 200.0 amp. 

125 amp. at 70 per cent demand factor 87.5 amp. 

Total 287 . 5 amp. 


The neutral wire need then have a carrying capacity of only 
287.5 amp., making 500,000-c.m. cable suitable, while the 
ungrounded wires must be able to carry 425 amp., and accord- 
ingly must be 900,000-c.m. cable. These sizes apply if Type 
R rubber-covered wires are used; with other insulations the 
sizes vary accordingly. 

This 70 per cent demand factor on that portion of the 
unbalance in excess of 200 amp. applies on 3-wire direct cur- 
rent or single-phase alternating current, also on 4-wire 3-phase 
and 5-wire 2-phase systems, not on any other systems. How- 
ever, on a 5-wire 2-phase system, the total unbalance, as 
mentioned above, must first be multiplied by 140 per cent 
before the 70 per cent is applied on the excess over 200 amp. 
If the total unbalance is 240 amp., applying the 140 per cent 
factor gives 336 amp. 200 amp., plus 70 per cent of 136, or 95 
amp., gives 295 amp., which is the required carrying capacity 
of the neutral. 

These calculations apply identically, whether service 
entrance wires for an entire installation are being figured, or 
a feeder carrying a portion of a building. 

Common Neutrals. — In connection with Figs. 26-6 and 26-7 
two separate wii’es B and C were combined into a single wire 
RCj because the two were connected to each other and were 
therefore more or less a single wire anyway. Consider now 
Fig. 26-9, which shows an incoming 3-wire feeder with its 
neutral and two main fuses, also six separate 2-wire subfeeders 
Aj Bj Cj Dj Ey and F, with six fuses. For each circuit a pair 
of wires runs back to the feeder, making 12 wires altogether. 
The six neutral wires are all connected together at the starting 
point; why run six separate wires? It is not necessary, and 
the Code, in Sec. 2204, permits one single wire common to a 
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number of feeders, in other words a common neutral, under 
certain conditions. See the next diagram in Fig. 26-10, which 
shows the same 3-wire feeder with two main fuses and six 
fuses, as in Fig. 26-9, but instead of six neutral wires, one to 



fuses 


2t)-9. — Six 2-wiio .sui)ft*ederh operating off a J.i-wire ieedcr; note that 
there are six neutral wires, one for each circuit, but all joined together. 



fuses 


l’'ia. 26-10. — The six subfeeders of Fig. 26-9 now operate with a single or 
common neutral. This is permitted by the Code under certain conditions. 

each of six circuits, a single neutral wire was used, making only 
seven wires altogether. 

A common neutral is permitted for two or three 3-wire 
feeders. See Fig. 26-10, which shows the same basic feeders 
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shown in Fig. 26-9, except that the six separate neutrals have 
now been combined into one. Note also that, while in Fig. 
26-9 feeders A and D may be considered two 2-wire feeders 
and while in Fig. 26-10 they may still be considered two 2-wire 
feeders, the two combined really become one 3-wire feeder. 

Common neutrals are also permitted for two sets of poly- 
phase 4- wire or 5-wire feeders. 

Advantages of Common Neutrals. — Common neutrals are 
practical only if several feeders run in the same direction 
for some distance. They should be used when practical, for 
less material is required and there is less voltage drop with 
a common neutral than with separate neutrals. For example, 
going back to Fig. 26-5, assume that each of the wires C, 
and D is No. 14 and 100 ft. long, and that there is a 15-amp. 
load on both A and and C and D. The voltage drop in 
wires A and B combined, calculated in any of the ways 
covered in Chap. 7, is 7}^ volts; therefore, instead of 115 volts 
across the load, there is only 107} 2 volts. The same applies 
on the load across C and D, If, however, a common neutral 
BC is used, as in Fig. 26-6, then BC carries no current whatever 
so long as the two loads are balanced. Since it carries no 
current, there can be no voltage drop in that wire. Therefore 
wire BC can be disregarded entirely in the calculations, and 
instead only wire A considered. In other words, only 100 ft. 
of wire is involved instead of 200 ft. The voltage drop is then 
only 3^4 volts instead of 7} 2 volts, and the voltage on the 
load is 111}^ volts instead of 107}^ volts. This is a consider- 
able advantage; for example, 115-volt bulbs burned at 111}^ 
volts produce about 10 per cent more light than when burned 
at 107}^ volts. 

The voltage drop is halved only when the loads on the two 
circuits are exactly balanced. The advantage decreases as 
one load becomes smaller than the other; when one load is dis- 
connected entirely, the voltage drop is the same as if a sepa- 
rate neutral were used for each circuit. 

Calculating Common Neutral. — The Code requires only that 
the carrying capacity of the common neutral be sufllcient for 
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the maximum unbalance. How to calculate the size for a 
single feeder has already been covered. If a common neutral 
is to be used for several feeders, merely add together the 
maximum unbalances for all the feeders. If the total is over 
200 amp., apply the 70 per cent demand factor on the portion 
above 200 amp., if the system is one where this is permitted. 
For example, if three feeders have maximum unbalances of 
125, 75, and 190 amp., respectively, or 390 amp. total, calculate 
the neutral as follows: 

If it is a 5-wire 2-phase system, multiply the 390 by the 
required 140 per cent, giving a total of 546 amp. Then 
apply the 70 per cent demand factor on the portion above 
200 amp., giving 200, plus 70 per cent of 346, or 242, a total 
of 442 amp. The neutral wire must then have a carrying 
capacity, per Table 1, of at least 442 amp. 

If the system is 3-wire direct current, or single-phase alter- 
nating current, or 4-wire 3-phase alternating current, then the 
neutral must have a carrying capacity of 200, plus 70 per cent 
of 190, or 133, a total of 333 amp. 

For all other systems the neutral must have a carrying 
capacity of 390 amp. 

Consider the sizes of wdre involved in the installation shown 
in Fig. 26-11 ; assume that it is single-phase alternating current. 
At the left is a switchboard which contains the main fuses and 
six other fuses protecting three 3-wire feeders running to panel- 
boards A, JS, and C. The three feeders are to run through a 
single conduit up to point X, so a common neutral may be 
used up to that point. At X the three feeders separate and 
run in three different directions to the three panelboards. It 
is a simple matter to calculate each of the three feeders from 
point X up to the respective panelboards. 

For feeder A, assume a total load of 35 amp., of which 25 
amp. is a 230-volt load which is not connected to the neutral. 
The maximum unbalance for this feeder is therefore 35 minus 
25, or 10 amp. The neutral therefore need be only big enough 
to carry 10 amp., and accordingly No. 14 wire is suitable from 
X to the panelboard. The ungrounded wires, however, must 
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carry 35 amp. and accordingly must be No. 8. Since these 
wires run directly to the switchboard, the same size is used 
for the entire length. 

For feeder B assume a total load of 25 amp., of which 8 
amp. is a 23()-volt load unconnected to the neutral. The 



Fig. 26-11.- Three 3-wiie feeders with common neutral fioni switchboard, 
up to the point where the feeders start running in different directions. 

maximum unbalance is 25 minus 8, or 17 amp., and the neu- 
tral wire from X to panelboard B must be No. 12. The 
ungrounded wdres must carry 25 amp. and, accordingly, must 
be No. 10. 

For feeder C assume a total load of 20 amp., of which 3 
amp. is a 230-volt load unconnected to the neutral. The 
maximum unbalance is 17 amp., and the neutral from X to 
panelboard C must be No. 12. The ungrounded wires must 
carry 20 amp., and No. 12 is suitable. In this case the neutral 
is the same size as the ungrounded wires. 

The maximum unbalances in the three feeders are 10, 17, 
and 17 amp., respectively, or a total of 44 amp.; consequently 
the common neutral from the switchboard to point X must 
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have a capacity of 44 amp. If all the load on each of the 
three panelboards A, B, and C consisted of lighting or other 
load, with no portion of it unconnected to the neutral, then 
the maximum unbalance would be 80 amp., requiring No. 2 
\vire for the neutral. 

The wire sizes mentioned above are based on the assumption 
that Type R rubber-covered wire is used. If other types of 
insulation are involved, the wire sizes would change there- 
fore in accordance with Table 1. The sizes determined in 
the calculations are the minimum sizes permitted by Code, 
and good practice will in many instances demand heavier 
sizes to avoid voltage drop. 

Calculating Different Occupancies. — With the above general 
discussions it should be possible to calculate almost any type 
of building, taking into consideration the requirements of Sec. 
2203 of the Code. However, different types of buildings will 
be covered in more detail in future chapters. 

Grounding. — The Code requirements for grounding may 
appear at first to be complicated, but for the buildings covered 
by the scope of this book, they are relatively simple. The 
theory of grounds and the actual method of grounding of small 
projects were fully covered in Chap. 17. It will be well for 
the reader to review the subject there before proceeding with 
this chapter. There are two different kinds of grounds: 
system and equipment. 

System Groimds. — Direct-current systems are generally 
grounded at the power station but not at the individual instal- 
lation. In alternating-current systems, single-phase instal- 
lations are ordinarily grounded not only at the transformer but 
also at the individual service. If the service is one of the 
2-wire 230-volt type, there would be no ground at the service, 
although the mid-point of the transformer serving the premises 
would usually be grounded. Polyphase installations some- 
times consist entirely of ungrounded wires; consequently they 
are not grounded at all. However, a 2-phase 5-wire system 
usually contains a grounded wire; so does a 3-phase 4-wire 
120/208-volt star or Y system. A 3-phase 3-wire delta system 



436 ACTUAL WIRING: NON RESIDENTIAL PROJECTS 


sometimes has a fourth grounded wire which runs from the 
mid-point of one of the three transformer secondaries, and this 
grounded wire would, of course, be treated exactly like the 
neutral wire of a single-phase system. If the polyphase sys- 
tem does contain a grounded conductor, it may be grounded 
at the individual ter vice, but the Code does not require it. 
It is best always to consult the power company to make cer- 
tain whether any given polyphase installation does or does not 
contain a grounded wire. 

Equipment Groimds. — The equipment ground is used to 
ground all cabinets housing service and overcurrent equip- 
ment, the conduit or armor of the wiring system, motors, 
fixtures, and similar equipment. If a metal-clad wiring sys- 
tem, such as conduit or armored cable, is used, the various 
runs of such a raceway are automatically tied together into a 
continuous system through connectors or locknuts and bush- 
ings at outlet boxes, and the entire system is grounded through 
the usual ground at the service switch. Devices such as 
motors, appliances, etc., are considered sufficiently grounded 
if the metal raceway of the wiring system is securely fastened 
to the device in the same w^ay as to the outlet boxes. 

If the voltage to ground is more than 150 volts, different 
methods must be used both at such devices and also in making 
up joints at boxes. This wdll be covered in the next chapter. 

If knob and tube or nonmetallic cable wiring is used, the 
problem is more complicated. In the case of nonmetallic 
cable, special cable is available with an additional uninsulated 
grounding conductor included in the assembly. It is used to 
tie together all outlet boxes where the local inspector insists, 
and also to ground specific devices which the Code may 
require. This latter classification includes all devices in 
permanently wet locations and all devices operating at volt- 
ages above 150 volts to ground. It also includes certain 
devices regardless of voltage; among the ones likely to be 
met in installations of the type discussed here are motor con- 
trollers, garage equipment, motion-picture projectors, electric 
signs, transformers (unless mounted on wooden poles and at 
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least 8 ft. above the ground) ; mercury-vapor lamps if within 
reach of grounded objects; generator and motor frames in 
electrically operated organs; lighting fixtures if mounted on 
metal lath, unless the fixtures are insulated from the lath. 

Conunon Grounds. — A common grounding conductor may 
be used in practically 100 per cent of the installations Avithin 
the scope of this book, serving for both system and equip- 
ment ground. The size required is simply covered by the 
Code, in Sec. 2594, and can be determined from the following 
table 

Size of Ground- 
ing Conductor 


Size of Largest Service Conductor Copper, No 
No. 2 or smaller 8 

No. 1 or 0 6 

No 00 or 000 4 

Over No 000, to 350,000 cm 2 

Over 3.50,000 to 600,000 cm 0 

Over 600,000 to 1 , 100,000 cm 00 

Over 1,100,000 c m 000 



CHAPTER 27 


MISCELLANEOUS PROBLEMS IN NONRESIDENTIAL 

WIRING 

In nonresidential installations the conduit system is used 
in practically all cases. This automatically provides a really 
good continuous ground. It provides a certain amount of 
flexibility in that circuits may be changed, wires added, and 
breakdowns repaired by merely pulling in new wires, with a 
fair degree of ease and not too much mechanical change in the 
actual conduit. Where exposed, the conduit is reasonably 
neat in appearance and certainly affords ample protection 
for the wires. 

Conduit Fittings. — For exposed runs of conduit, it is cus- 
tomary to use, instead of ordinary outlet boxes, cast fittings 
of the type shown in Fig. 27-1. They are known by various 
trade names such as Condulets, Unilets, etc. These devices 
are merely specialized forms of outlet boxes, but, instead of 
being provided with knockouts which can be removed to 
form openings, they have one or more ready-made openings. 
Accordingly, vith a few basic body shapes, hundreds of 
different combinations are available. Each basic type is 
available for each size of conduit. Each opening is threaded 
to fit the size of conduit for which it is designed. These 
fittings are also available with threadless openings but with 
clamping devices for thin-wall conduit. 

A few of the more common types are shown in Fig. 27-1. 
The Type E with the cover shown is frequently used at the 
end of a run to a motor or similar device. The LB is com- 
monly used at a point where a run of conduit comes along and 
then must go at right angles through a wall or ceiling; it is 
equally useful in going around a beam or similar obstruction. 

438 
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Fittings of this kind avoid awkward bends in conduit. The 
Types LL and LR are handy for 90-deg. turns on a straight 
run. There are all kinds of combinations, some as compli- 
cated, for example, as the Type XA, which obviously is not 
used very frequently. 

Type £ Type LB 


Type LL Type LR 



TypeXA 


KUlark Elec. Mfg. Co, 

Fio. 27-1. — For exposed runs of conduit, conduit fittings of the type shown 
here are commonly used. There are dozens of different shapes or types. 

In a different style of body there are available many types 
similar to the Type FS shown in Fig. 27-2, which is used 
mostly for the mounting of switches and similar devices. In 
the same picture is shown a weatherproof cover which will 
operate a toggle switch mounted in a Type FS fitting — a 
handy combination for outdoor switches. On exposed runs 
of conduit, lighting fixtures are mounted on Type P fittings. 

Pull Boxes, — Wires of ordinary sizes as used in residential 
work are sufficiently flexible so that they can be pulled through 
long lengths of conduit, even if there are offsets and bends. 
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Type FS 


KxLlark Elec. Mfg, Co. 

Fig. 27-2. — ^Larger fittings are used to house switches, receptacles, and similar 

devices. 

The heavier the Avire, the more difficult it becomes. In really 
heavy sizes, such as the circular-mil cables, it becomes more 

and more necessary to install 
pull boxes at strategic locations; 
it is customary in rtiany cases to 
use them instead of conduit 
bends. Such a pull box, as the 
name implies, is nothing but a 
steel box located where the wires 
can be helped along as they are 
pulled into the conduit. Pull 
boxes may be used only where 
they Avill be permanently ac- 
cessible. A single pull box is 
often used for a number of 
runs of conduit, as shown in 
Fig. 27-3. 

Concrete Boxes. — In nonresidcntial buildings of all types, 
Avails and ceilings frequently are of reinforced-concrete con- 
struction. The conduit and the boxes must be imbedded in 



Fig. 27-3. — Pull boxes are used 
with conduit to make it easier to 
pull wires through long lengths of 
conduit, and they also serve other 
purposes. 
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the concrete if the devices later are to be flush with the surface 
of the wall. Ordinary outlet boxes may be used, but special 
concrete boxes are also available. One of these is shown in 
Fig. 27-4. These boxes have special ears by which they are 
nailed to the wooden forms for the concrete. Stuff the boxes 
full of paper before installing; this A^ill prevent concrete from 



M. B Austxn Co. 


I i(i 27-4 — A conciete 
l)Ox designed to lie im- 
bedded in the concietc a** 
it IS poured. 


-Wooden ibrms^^ 
Concreie 


. » 0 
A . 
• • 

• • ^ 


• • 

f> 

* » ft 
> . 


) • 

• • 

> . 


Ears for 

'supporting 

devices 


Special 
‘'ears'* for 
naihngbox 
to forms 


Jig 27-5 — Concrete boxes 
are nailed to the wooden forms 
befoie the concrete is pouied 


heepiiig in The conduit and the boxes must be in position 
before the concrete is poured. When the forms are removed, 
the conduit and the boxes are solidly imbedded; the interior 
oi the box is clean and ready tor use. These boxes come in a 
variety of depths up to 6 in. Figure 27-5 shows an installed 
view. 

For floor use, special cast boxes are available: these are of 
the two-piece type so arranged that, even if the box proper is 
installed crooked in the rough concrete, the top section can be 
leveled off with respect to the final floor surface. This is 
accomplished because the two pieces telescope together, as is 
clearly shown in Fig. 27-6. j Receptacles and similar devices 
cannot in practical fashion be installed flush with the floor, 
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SO that it is customary to use nozzles and outlets which raise 
the final device a few inches above the floor. 

Number of Wires in Conduit. — ^For smaller sizes of wire this 
was discussed in Chap. 11. For heavier sizes the Code covers 
the subject fully in Tables 2 to 9 (see Appendix). These 
tables are clear and need no further explanation here. 

Deflection of Wires. — Small wires are so flexible that it is 
not likely that they will be damaged even by sharp bends. 


M. B. Austin Co. 

Fig. 27-6. — Adjustable floor box for concrete work. Because the two parts 
telescope, the exposed portion can always be made flush with the final floor. 

In the larger sizes, on the other hand, it is conceivable that, 
if bent too sharply where they emerge from a run of conduit, 
the insulation might become damaged to the point where 
grounds might be caused. The Code therefore requires that 
ungrounded wires No. 4 and heavier, if they deviate over 30 
deg. from the position they would occupy if continued on in 
the same direction in which they lie in the conduit, must be 
further protected ‘‘by a substantial bushing providing a 
smoothly rounded insulating surface, unless the conductors are 
separated from the raceway fitting by substantial insulating 
material securely fastened in place. This is commonly 
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accomplished by inserting sheet insulating fiber securely 
anchored, or by means of special bushings similar to the usual 
conduit bushings but made of an insulating material. 

Moreover, the Code further requires that wires No. 1 and 
heavier, if running in a vertical position, shall not be deflected 
at all at the point where they enter or leave a cabinet, unless 
gutters or empty spaces are provided between the wall of the 
cabinet and the devices or mechanisms that the cabinet 
encloses. The width of gutter required varies with the size 
of the wires in question, as follows: 


Feeder size 

Minimum width of 
gutter, inches 

No. 1 

3 

No. 0 to 200,000 c.m 

4 

211,600 to 500,000 c.m 

6 

600,000 to 900,000 c.m 

8 

1,000,000 to 1,400.000 c.m 

10 

1,500,000 to 2,000,000 c.m 

12 


This requirement is of greater concern to manufacturers 
than to contractors, and panelboards and similar equipment 


C a b i n 

e f 


C cf b i n e t 

Shofrp 

bends 



Sweeping ki 
bends,., □ 

'"''A 

1 



LffiS — 





\ 'Bushing 
'Locknui- 
^"Conduit 

WRONG 


\ Bushing 
Locknut 
^-'Conduit 
RIGHT 


Fig. 27-7. — The bends 
shown here are too abrupt. 
The weight of the wire is sup- 
ported where the wires emerge 
from the conduit. 


Fig. 27-8. — ^Let the bends 
in wires be gentle and sweep- 
ing. This avoids grounds 
where the wires emerge from 
the conduit. 
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automatically incorporate the proper gutter widths. T^ocato 
cabinets so that the incoming runs of conduit will be so placed 
as to require a minimum deflection of the wires where they 
emerge from the conduit, and so that in vertical runs the 
weight of the wire will not be supported by the bend at the 
end of the run. Figure 27-7 shows the wrong 
and Fig. 27-8 the right method. Let the 
bends in the wires be sweeping and gentle 
rather than abrupt. 

Supporting Vertical Runs of Wire. — Ter- 
minals on panelboards and similar equip- 
ment are not designed to support any 
substantial weight. When there is a vertical 
run of wire, the weight of the wire itself is 
considerable, especially in the larger sizes. 
Jf such runs of wire are attached directly 
to terminals, damage may result. The Cvode 
therefore recpiires that in such vertical runs 
the wire be independently supported at intervals as follows: 

No. 18 to No. 0 . At least every 100 ft. 

No. 00 to No. 0000 At least every 80 ft. 

250.000 to 350,000 e.m At least every 60 ft. 

350.001 to 500,000 e.m At least every 50 ft. 

500.001 to 750,000 e.m At least every 40 ft. 

750.001 e.m. and larger At least every 35 ft. 

There are a number of ways of accomplishing the required 
support. Special clamping devices of the type shown in 
Fig. 27-9 may be used. Pull boxes may be installed and the 
wire anchored there in a manner acceptable to the inspector, 
one approved method being that shown in A of Fig. 27-10 
and consisting of running each wire over a couple of offset 
insulators as shown, while the method shown at B involves 
split porcelain cleats of appropriate size. 

Continuity of Ground. — Previous chapters showed how the 
various runs of conduit or metallic cable tie together outlet 
boxes and other equipment into one continuously grounded 
system. This is accomplished in the case of conduit by means 





Rusad A' Stoll 
Mfff. Co. 


Fig. 27-9.— 
This fitting is 
very handy in 
supporting verti- 
cal runs of wire. 
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of locknuts and bushings and in the case of cable with the 
usual connectors. If, however, in any such wiring system 
one or more of the wdres has a voltage above 150 volts to 
ground, these simple methods are no longer acceptable. 
Instead the Code gives a choice of several other methods. 

If conduit fittings of the type illustrated in Figs. 27-1 and 
27-2 are used, that is sufficient for either rigid or thin-wall 




Fig. 27-10.— Two other nu'thods of supporting vertical runs of wire. 

conduit. The same fittings may be used for armored cable 
or flexible conduit, for the connectors that are used with such 
raceways fit directly into the tapped openings in the fittings. 

If ordinary outlet and similar boxes of drawn sheet steel 
are used, several methods are open for use. The most cdlnmon 
so far as rigid conduit is concerned is the double-locknut sys- 
tem show n in cross-section in Fig. 27-1 1 . This involves simply 
one locknut on the outside of the box and another one inside, 
plus the usual bushing. 

With thin-wall conduit, armored cable, or flexible conduit, 
the simplest method is to use on the connector involved, 
inside thejiox, a grounding bushing of the type that w^as showm 
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in Fig. 17-22, in place of the usual locknut that is used on such 
connectors. It is not necessary to use jumper wires from 
one such bushing to another inside the same box; the screws 
on the bushings are designed to bite into the box and will stay 
in place where vibration or other causes may cause the 

ordinary locknut to come loose. 
These grounding bushings are also 
entirely suitable for use with rigid 
grounding locknut of 

^ Fig. 27-12 serves the same purpose. 

fCondluif 



2 Locknufs'. 



Bushing 


Jh iG 27-11 — When the volt- 
age io ground is over 150, use 
the double-locknut coiibtiuc- 
tion shown heie, instead of 
the ordinal v construction that 
was shown in hig. 10-7. 


M. B. Austin Co. 
Fig. 27-12 — A bpe- 
cial type of locknut 
with bonding screw. 


In case the run of conduit in question is the service conduit, 
any of the schemes shown above may be used except the 
double-locknut method. 

Double-pole Switches, — When bulbs are operated on two 
ungrounded wires, only double-pole switches which open both 
wires may be used. This is only part of the general rule that 
switches must always open all ungrounded wires, although 
there are a few exceptions to this in connection with motors, 
w^hich will be covered in a separate chapter. 

“T’^Rating Switches. — Ordinary light bulbs, particularly in 
the larger sizes, consume a very heavy amperage for a brief 
moment when they are first; turned on. For example, a bulb 
that consumes only 2 amp. when burning at full brilliancy 
may consume nearly 20 amp. for a small fraction of a second 
when first turned on. This cold inrush is a rather severe test 
for the switches that control the bulbs, and many switches 
rated at 10 amp. and giving entirely satisfactory seryce under 
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average conditions will not stand up when used to control 
bulbs consuming 10 amp. Therefore switches have been 
developed which are especially designed to withstand the 
short but very large amperage inrush found with bulbs. 
Such switches have what the Underwriters and the Code call 
a rating (for tungsten, the material from which the 

filaments of ordinary incandescent bulbs are made). They 
look like ordinary switches but can be identified by the letter 
‘‘T” stamped on their mounting straps, after their voltage 
rating. 

If used to control ordinary incandescent (filament) style 
bulbs, switches without the ‘^T’’ rating may be used only in 
residential work, and only to control permanently installed 
fixtures or lighting outlets in a single room. However, ^^T^' 
rated switches cost so very little extra that their use is recom- 
mended throughout, since the slight extra cost is merely 
insurance against frequent replacement. For all other occu- 
pancies, ^^T^' rated switches must be used to control incan- 
descent lamps. 

If used for noninductive loads other than incandescent 
lamps (such as, for example, appliances), the switch need not 
be the *^T’' rated type, but must have an amperage rating 
not less than that of the load controlled. For controlling 
inductive loads (such as transformers and motors) the switch 
must have an amperage rating of at least twice that of the 
load controlled. 

Ordinary switches are available in 10-, 20-, and 30-amp. 
ratings. Almost every switch carries a dual rating, the most 
ordinary being 10 amp. at 125 volts or 5 amp. at 250 volts. 
Select switches to suit the amperage, the voltage, and the 
type of load involved. 

Surface Metal Raceway. — ^This style or method of wiring is 
seldom seen in homes but is widely used in industrial work, 
especially for making additions to existing installations, or in 
original installations where numerous future changes are 
probable. A number of different brands are available, all 
operating on the general principle of a two-piece metal channel. 
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In use one piece is securely fastened to the wall, ceiling, or 
floor; then the other piece is snapped on the first, in cover 
fashion. 

One type, with a number of the fittings used, is shown in 
Fig. 27-13, and no great amount of explanation should be 



National Elec. Products Corp. 


Fig. 27-13, — Surface metal i aceway and fittings. This inateiial is most 
convenient wheie frequent changes must be made, or where concealed wiring 
is not practical. 

necessary. The material comes in a number of sizes and 
types; which to use depends on the number and sizes of wires 
involved, as well as the purpose to be served. It may run 
through walls if a continuous piece is used. It is used not 
only for the usual wiring but frequently also for signal and 
telephone wires and similar purposes. Wires of two separate 
systems may never be mixed in the same channel. 
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The Code limits this material to exposed runs in dry loca- 
tions at voltages not in excess of 150 volts to ground. It may 
not be used where exposed to severe mechanical injury, 



National Elec Products Corp 

>i(t 27-14 -This tvpe of surface metal racewax is flat and may be used on 

the floor 


although the type shown in Fig. 27-14 is approved lor use on 
floors, the abuse which it receives from ordinary foot traffic 
not being considered as causing “so\pre mechanical injury.” 
Not more than 10 wires may be installed inside a single channel 
except for signal purposes. No wire heavier than No 6 may 
lie used. 


CHAPTER 28 


NONRESIDENTUL LIGHTING 

Chapter 14 outlined the fundamental that one lumen of 
light falling on one square foot of area always produces illu- 
mination of one foot-candle. This formula cannot be directly 
applied in lighting problems, and many factors must be con- 
sidered. For example, assume a room 10 ft. square, with a 
10-ft. ceiling height, lighted by a bulb producing 2,000 lumens. 
Since the floor area is 100 sq. ft., some will assume that the 
illumination on the floor will be 2,000/100, or 20 foot-candles, 
forgetting that the light falls also on the walls and ceiling, or 
on a total of GOO sq. ft. If the light is uniformly distributed, 
the illumination will be foot-candles. 

The problem is to make all the light produced by a light 
source fall exactly and only on the area to be illuminated. 
I^his, in practice, is impossible, and the following paragraphs 
Avill outline the factors involved in arriving at a practical, 
workable formula. 

Room Index. — Obviously a very long room requires a 
greater number of light sources or fixtures than a square room 
of the same area. Assuming the proper number of fixtures 
properly mounted at the correct height and with the correct 
spacing, the shape of the room still is a considerable factor. 
The relative efficiency or usability of the total light produced 
in a room is knovm as the ^'roorn index, and it is customary 
to indicate this index by the letters A to J, A being the best 
and J the lowest. 

It has been found that rooms which are relatively wide, 
where the width is to 4^ times the ceiling height, have a 
good index, probably A, B, C, or Z>. If the width is average 
or only twice the ceiling height, the index will probably be 
D, Ey Fy or G, If the room is narrow, in other words if the 

450 
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width is about the same as the ceiling height, the index will 
be low, probably G, H, 7, or J. The length is also a con- 
siderable factor, and generally, for any given ceiling height, 
the index is improved as the room is lengthened. 

The actual index of a room of any given dimensions can be 
found in the tables furnished by manufacturers of commercial 
lighting equipment. 

Condition of Walls and Ceilings. — A previous chapter 
emphasized that walls and ceilings should reflect rather than 
absorb light. When the lighting system involves fixtures of 
the direct-lighting type, this factor is of relatively httle 
importance. When semi-indirect fixtures are used, it becomes 
of considerable importance. When totally indirect fixtures 
are used, this factor is all-important; the ceiling in this case 
contributes about two-thirds of the total importance; in other 
words the walls, generally speaking, could be black, reflecting 
nothing, and the total over-all eflBciency would be reduced 
only about one-third. 

Maintenance Factor. — ^After a lighting fixture has been in 
use for some time, it will not transmit or reflect so much light as 
Avhen it was new because dust will accumulate on the fixtures; 
the walls and ceilings will also darken with use. Bulbs 
blacken as they approach the end of their life, and the number 
of lumens of light produced decreases in proportion. 

A w^ell-planned installation will be so designed that the 
desired foot-candles will be produced, not when the installa- 
tion is new, but under average conditions over a period of 
time. Therefore it is necessary to compensate for the depre- 
ciation, and this is customarily done by applying a mainte- 
nance factor which varies from 60 to 80 per cent, depending 
on the type of fixtures, the type of walls, the occupancy of the 
building, and the amount of mechanical maintenance provided. 
A 70 per cent figure will never be far wrong. 

Coefficient of Utilization. — ^For any given installation, com- 
bining the room index with the reflecting ability of the walls 
and the type of fixture used gives what is known as the 
‘‘coefficient of utilization. Elaborate tables have been pre- 
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pared which manufacturers of lighting equipment can furnish. 
The coefficient of utilization varies for direct lighting from 
15 to 70 per cent, for semi-indirect from 10 to 60 per cent, 
for totally indirect from 1 to 40 per cent. 

Formula for Determining Total Lumens Required. — From 
the known factors it is fairly easy to calculate the lumens 
required for any particular lighting problem. The formula is 

Lumens — foo t -can dles X sq uare feet 

~ coefficient of utilization X maintenance factor 


Assume that an office 20 ft. square, floor area 400 sq. ft., is 
to be lighted to 20 foot-candles. In line with the modern 
trend, indirect lighting Avill probably be used. The ceilings 
and walls N\'ill probably be light so that a coefficient of utiliza- 
tion of 0.25 will not be far wrong. A maintenance factor of 
0.70 may be assumed. The formula above then becomes 


Lumens = 


20 X 400 
0.25 X 0.70 


8,000 

0.175 


45,700. 


In an area 20 ft. square four fixtures are usually used. 
Referring to the table on page 240, a 500-watt bulb produces 
about 10,000 lumens. Four fixtures together would therefore 
produce 40,000 lumens, which is close to the 45,700 theoretical 
lumens which the formula calls for. 

On the same basis, it is fairly simple to estimate the total 
lumens required for any given area, with any type of lighting 
fixture, for any number of foot-candles desired. 

In a very approximate fashion the watts required for differ- 
ent foot-candles of illumination can be estimated, for experi- 
ence has shown that 


1 watt per square foot produces approximately 3 to 5 foot-candles 

2 watts per square foot produces approximately 8 to 14 foot-(jandles 
4 watts per square foot produces approximately 20 to 25 foot-candles 
6 watts per square foot produces approximately 25 to 30 foot-candles 
8 watts per square foot produces approximately 30 to 35 foot-candles 

This table can be used only as a starting point, for there are 
too many factors to influence the final result. 
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Selection of Fixtures. — Totally indirect fixtures can be 
used only in locations where the ceilings and 
walls are of a light color and can be so main- 
tained. The semi-indirect are suitable for the 
same kind of use. Direct-lighting fixtures will 
be necessary in factories and similar locations 
where it is impossible to keep ceilings clean 
and relatively light. This subject ill be cov- 
ered in some detail in later chapters in differ- 
ent types of occupancies 

Mercury-vapor Lighting. — Although this 
style of lighting is now being fast superseded 
by fluorescent lighting, the mercury-vapor 
type of bulb was once quite common and is 
still used in many installations. A typical 
bulb of this type is shown in Fig. 28-1. 

It is available in t^^o sizes: 400 and 250 
watts. The bulbs are sensitive to changes in 
temperature, for which reason, in the case of 
the 400-watt size, the bulb proper is enclosed 
inside a second, larger bulb. There is no fil- 
ament; the lamp is essentially an arc lamp. 

Being of the arc type, it cannot be con- 
nected directly to the powder line but requires 
a control device in the circuit to control the 
current in the arc within definite limits. The 
control device in this case is a transformer, 
because the bulb will start only at a voltage oeneiai Eiec co 

higher than the operating voltage. Since this Fig 28 -i —a 

transformer is required, obviously the bulb ^oo-watt mer- 
* / , cury-vapor bulb 

cannot be used on direct-current circuits Note that theie 
Figure 28-2 shows the wiring diagram. This ^ bulb within 

® « a bulb to pro- 

bulb operates at a rather low power factor, tect the lamp 
which can be corrected by using transformers changeb 

that have a built-in capacitor, as shown in the which affect its 
diagram. The transformer is usually installed output, 

close to the bulb. Figure 28-3 show's several suggested 
methods. 




454 ACTUAL WIRING: NONRESIDENTIAL PROJECTS 


The chief advantage of the mercury-vapor type of bulbs is 
that they produce approximately twice as many lumens per 
watt as the ordinary filament type of bulb. For example, the 
400-watt mercury-vapor bulb produces 16,000 lumens; an 



Fig. 28-2. — Wiring diagram for the mercury- vapor type of bulb. 

ordinary 750-watt bulb produces 14,500 lumens. The mer- 
ciiry-vapor bulb has a useful life of about 2,000 hr. compared 
with the approximate 1,000-hr. life of the ordinary type of 
bulb. 

The mercury-vapor bulb has a disadvantage in that the 
light produced by it is deficient in the colors toward the red 



General Elec. Co, 

1^'iG. 28-3. — Typical methods of installing mercury-vapor bulbs with their 

transformers. 


end of the spectrum but strong in the colors toward the blue 
end of the spectrum. Objects therefore will not appear in 
their true colors under these mercury-vapor bulbs, and the 
bulbs can be used only where color discrimination is not 
essential. 

However, this very deficiency or shortcoming can be turned 
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to good advantage, for the ordinary filament type of bulb pro- 
duces light that is strong in those colors in which the mercury- 
vapor type is deficient. Therefore by using a combination of 
both types the combined light of the two is more like natural 
sunlight than the light of either one alone. Lighting fixtures 
are available so that both types of bulbs may be used in the 
same fixture, and one is shown in Fig. 28-4 



Benjamin Elec Mfg Co, 

1 iG 28-4 — rvpKal ( ombindtion fixtuie Ubitig both met cui > -vapoi bulb and 
ordinal y filament-tv pe bulbs 


Where color is not too important, using an equal wattage 
of mercury-vapor bulbs and ordinary filament type bulbs 
produces a light which is pleasant and entirely acceptable 
Where color is of considerable importance, and that includes 
offices and schools, it is best to select a wattage of each type 
so that the total lumens produced by the mercury-vapor 
type of bulb is equivalent to the total lumens produced by 
the filament type of bulb. 

Fluorescent Lighting. — The principle of operation of the 
fluorescent lamps or tubes has already been covered in 
Chap 14. Little more need be said here except to point out 
that in nonresidential lighting the need for high-power-factor 
or power-factor-corrected fixtures is absolutely essential. 

In installing fluorescent fixtures, it is recommended that 
where possible the installation be by means of a fixed recep- 
tacle, into which the fixture is plugged, thus facilitating 
removal for cleaning and servicing. 
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Cold-cathode Lighting. — A modification of fluorescent light- 
ing is coming into use; it is known as “cold-cathode^^ lighting. 
Once installed, the appearance is very similar to that of the 
ordinary fluorescent installation. Each lamp or tube, how- 
ever, is of different construction. The fluorescent lamp has 
at each end a filament called a cathode, which must be heated 
before the lamp will light. The cold-cathode lamp has no 
filaments; the cathode at each end is merely a prod or thimble 
of metal, which need not be heated before the lamp starts, 
from which fact it derives its name. Since there is no need 
for preheating, there is no need for the starter or automatic 
switch as used with tilament-cathode fluorescent lamps. The 
ballast as such is not used; a special transformer is used 
instead. 

The transformer is so designed that when there is no load 
on its secondary (as is the case at the moment when it is 
connected across a cold-cathode lamp, but before the lamp 
has started) the voltage across the secondary is about 750 
volts. This starts the lamp (as pointed out in Chap. 14, a 
high voltage may also be used to start an ordinary fluorescent 
lamp even without heating its filaments or cathodes, except 
t^jat control of the exact voltages is difficult). As soon as 
current begins to flow through the started cold-cathode lamp, 
about 3^^ amp. flows through the secondary of the trans- 
former, which causes voltage drop in the secondary winding, 
which immediately means a reduced voltage in the neighbor- 
hood of 450 volts, at which voltage the cold-cathode lamp 
continues to operate. Once started, it operates on exactly 
the same principles as the ordinary fluorescent lamp. 

At the present moment there is not entire uniformity or 
standardization in the equipment offered for cold-cathode 
lighting. The most common lamp or tube available is one of 
25 mm. diameter, 93 in. in over-all length, and designed to 
consume 120 milliamperes^ at 450 volts. Some manufacturers 
however offer tubes of different lengths and consuming differ- 
ent amperages. Ultimately there will no doubt have to be 

* A milliamperc is 0.001 amp. 
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more standardization to achieve maximum popularity for this 
type of lighting. 

The 93-in. lamp itself consumes about 45 watts, its trans- 
former about 9 watts. As in the case of ordinary fluorescent 
lighting, the combined wattage must be taken into consider- 
ation when thinking in terms of lumens per watt, or foot- 
candles of illumination. 

The advantages claimed for cold-cathode lighting include: 

1. Instant starting when the switch is turned on. 

2. Lower cost because the tubes are said to have a life of 10,000 hr., as 
compared with much shorter life of ordinary fluorescent. 

3. Lower maintenance cost because there are no starters to replace, and 
])ecause with longer life, replacements are less frequently needed. 

4. Slightly higher light output (lumens per watt). 

Against these must be considered higher cost per lamp, 
higher cost per fixture because of longer length, higher cost 
of transformers because of high voltages, higher installation 
costs because ordinary building wire docs not have sufficient 
insulation for the voltage in- 
volved. Ordinary Type R 
building wire is approved for 
use at not over 600 volts. 

For the high-voltage circuit 

of cold-cathode lighting, r 

1 ,000-volt wire must be used. 

All told, the contest be- 
tween fluorescent and cold- 

cathode lighting proniises to Benjamin Elec. Mfg, Co. 

be a lively one; the final Typical R.L.M. type of 

outcome is likely to be that 

for some applications the fluorescent will prove to be the 
better, while for other applications, the cold-cathode will be 
more suitable. 

Direct-lighting Units. — For industrial applications the 
R.L.M. reflector shown in Fig. 28-5 is most commonly used. 
It is a very efficient device and directs the light dowmw^ard 
so that it illuminates on the floor level an area of a diameter 
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equivalent to the height of the reflector above the flooi. 
Accordingly, these reflectors are spaced on the ceiling so that 
the distance between the reflectors is approximately the same 
as the mounting height above the floor. If all the work is 
done at table level, then the distance from the table level to 
the reflector is the same as the spacing between reflectors. 


7 ^; 



General Elee, Co» 

Fig. 28-6 — Reflectors impioperly spaced produce dark spots 



General Elec Co. 

Fig. 28-7. — Reflectors propeily spaced produce even illumination 

If the reflectors are mounted too far apart, there will be areas 
of insufficient illumination between the units, as Fig. 28-6 will 
make clear. Compare this with Fig. 28-7, which shows the 
proper spacing. 

Diffusers. — In industrial applications R.L.M. reflectors used 
with large bulbs have the disadvantage of causing a certayi 
amount of glare because of the great surface brightness of the 
bulb. Therefore, with larger reflectors using bulbs of 300 
watts and upward, it is best to use, in addition to the reflector, 
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a diffuser or glass bowl of proper design which reduces the 
surface brightness. A reflector of this type complete with dif- 
fuser is shown in Fig. 28-8; it is usually known as a “Glassteel 
diffuser.” This type of unit is recommended particularly 




Fig. 28-8. — A Glabbteel diffuser eliminates or at least reduces glare, 
where the surfaces being illuminated are polished so that an 
image of the source is reflected directly into the observer’s eyes. 

Indirect and Semi-indirect Fixtures. — If the condition of 
the ceiling and walls is such that this style of lighting is 
practical, fixtures on the general order of those that were 
shown in Fig. 14-9 for residential purposes are used. Natu- 
rally, for nonresidential use, they will be larger, to accommo- 
date the larger bulbs used. There are dozens, if not hundreds, 
of types of indirect and semi-indirect fixtures available to serve 
different and sometimes tjuite specialized purposes. 

Combination Direct-indirect Fixtures. — Often in industrial 
occupancies indirect lighting may seem most desirable; yet the 
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ceilings and walls may be of such construction as to make it 
impossible to use the ordinary type of indirect-lighting fixtures. 
For that purpose there have been developed what have come 
to be known as “ direct-indirect fixtures, a typical unit of 
which is shown in Fig. 28-9. This type of fixture incorporates 



Fig. 28-9. — A typical diioct-indiiect combination fixtuic. 


a miniature ceiling from which the light is reflected downward. 
Sometimes a portion of the light is permitted to escape directly 
do^\^lward for direct lighting. Use of such fixtures is becom- 
ing common over assembly lines in factories and in similar 
locations, providing the advantages of indirect lighting where 
it would not otherwise be possible. 

Local Lighting. — In applications where the work is of a most 
exacting nature, it is the custom to provide, in addition to the 
general illumination, additional light from a local source which 
lights up only a small area. Care should be used that the 
light source provides diffused light, and the illumination in 
foot-candles on the small area should, generally, be not more 
than 10 times, at the most, that of the surrounding area. 
Unless this precaution is observed, the contrast will be too 
great, and glare will become a factor. 

Lighting of Athletic Fields. — ^The lighting of an athletic field 
is a project of considerably greatei* proportions than most 
people realize. For example, to light a baseball field in a 
fashion that would be acceptable for major-league contests 
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requires 750 to 1,000 kw. of power, and even for semi-pro- 
fessional games anything under 100 kw. would probably not 
be considered acceptable. It is interesting to know that the 
installation made in the summer of 1946, lighting the Yankee 
Stadium in New York City, provides 2,000 kw. of lighting 
power, with provision for 400 kw. more at a later date. This 
installation will provide about 200 foot-candles of illumination. 

For football 25 kw. would be considered a minimum for a 
high-school game, whereas college football would require 75 to 
125 kw. and more. Even a tennis court should have a mini- 
mum of 7}^ kw. for ordinary playing, and 15 kw. or more 
would be more nearly correct for professional or champion- 
ship play. 

One “trick of the trade should be borne in mind when 
considering the lighting of athletic fields, or other areas where 
the light is needed for relatively few hours per year. As was 
pointed out in Chap. 14, when a lamp designed for, say, 
115 volts is connected to a circuit delivering a higher voltage, 
the wattage consumed by the lamp increases to more than is 
marked on the lamp, the life of the lamp is greatly reduced, 
but the light output increases rapidly. In other words, when 
a lamp is burned at a voltage considerably higher than that 
for which it was designed, the light as me^asured in lumens 
per wati increases rajndly. Therefore, for maximum light per 
watt of power consumed, use lamps of a voltage considerably 
below the voltage of the circuit, for example, 100-volt lamps 
on a 115- or 120-volt circuit. Bear in mind that the capacity 
of the circuit must be more than tlie collective total of the 
wattagcs marked on the undervoltage lamps selected for the 
installation. True, the life of the lamps will be greatly 
reduced, but even if they lasted only 100 hr. (as compared 
with a normal life of 1,000 hr.), the extra expense of pro- 
viding larger transformers, circuit breakers, and wire sizes for 
circuits of greater capacity might be many times that of the 
extra expense per year caused by short lamp life. 

From this it should be apparent that the lighting of athletic 
fields in general involves problems much greater than those 
who are only casually interested would ever suspect. 
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WIRING FOR MOTORS 

Chapter 15 covered the wiring of the ordinary types and 
sizes of motors as used in residential and farm applications. 
This chapter will cover the wiring of commercial and industrial 
motors in considerable detail, so that the motor when installed 
will have proper operating characteristics, proper protection, 
and proper control. Only installations operating at less than 
600 volts will be covered. 

Sections 4301 to 4439 of the Code cover all phases of this 
work. This portion of the Code may at first seem decidedly 
complicated and involved, but it can be broken down to 
become relatively simple — ^although the wiring of motors 
ranging from a fraction of a horsepower to hundreds of horse- 
power can never be condensed to a few simple rules. 

Full-load Current of Motor. — The amperage consumed by 
a motor while delivering rated horsepower will be found 
stamped on its nameplate. However, while designing an 
installation, that nameplate is not available. The f'ode in 
Tables 21 to 24 (see Appendix) shows the full-load current of 
different types of motors at various voltages. Regardless 
of what the nameplate of an ordinary motor shows when 
installed, the amperages shown in the Code tables are used in 
calculating feeders and branch-circuit wires, switches, over- 
current protection, and so on. However, the overcurrent 
device used to protect the motor against overloads will be 
determined by the amperage appearing on the nameplate, 
as will be explained later under Motor-running Overcurrent 
Protection. 

Overcurrent Devices. — ^As in the Code, the term “over- 
current device^' will here be generally used. Unless otherwise 
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stated, this may be a fuse, a circuit breaker, or any other 
similar device described in Chap. 5. 

Switches. — Various types of switches will be mentioned here 
as in the Code. A good understanding of these various types 
is essential; study the following definitions, which are quoted 
from the Code: 

General-use Switch. — switch intended for use as a switch in 
general distribution and branch circuits. It is rated in amperes and 
is capable of interrupting its rated current at its rated voltage. 

Motor-circuit Switch. — ^A switch, rated in horsepower, capable of 
interrupting the maximum operating overload current of a motor of 
the same horsepower rating as the switch at the rated voltage. 

Isolating Switch. — ^A switch intended for isolating a circuit from 
its source of power. It has no interrupting rating and is intended to 
be operated only after the circuit has been opened by some other 
means. 

Circuit-breaker. — device designed to open under abnormal 
conditions a current-carrying circuit without injury to itself. The 
term as used in this Code applies only to the automatic type designed 
to trip on a predetermined overload of current. 

Motor Branch Circuit. — The elements that make up a motor 
branch circuit are as follows: 

A. Motor branch-circuit conductors — ^the wires from the panel- 
board to the motor. 

B. Motor branch-circuit overcurrent protection — to protect the 
wires, the controls, and the motor against overloads due to short 
circuits and grounds only. 

C. Disconnecting means — ^totally to isolate the motor and its con- 
trols when necessary to work on the motor or its controls. 

D. Motor-running overcurrent protection — to protect the motor, 
the overcurrent device itself, and the wires against damage caused 
by overloads other than short circuits or grounds. 

E. Controller — ^to start and stop the motor, or reverse it, possibly 
control its speed, etc. 

Figure 29-1 shows all the elements involved. In practice 
several of these elements often are combined into a single 
device; these cases will be considered one at a time. The 
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Mofor 

bnxrKh-circuif ->| 

wires 


Branch-circuit 

cvercurr^nt 

protection 


Disconnecting 

means 


Motor- running 

overcurrent 

protection 


•A 


l-A 



V-A 




^Secondary 

circuit 


( 884311 to 4813. Determine full-load motor 

current from Tables 21 to 24. Then deier- 
I mine minimum sise from Table 20. cols. 3, 3, 4. 
\ Uae larger size if required to avoid voltage drop. 

f 8 84341 to 4833. Omit if A is the same size as 
feeder. 

Determine full-load current of motor from 
Tables 21 to 24, then refer to Tables 26 and 
27. 

Often combined with D. 

884401 to 4411. Omit if E meets all Code 
/requirements for E and if also conditions 
I a, 0, and c are met: 

(a) E opens all ungrounded wires. 

(b) E consists of circuit-breaker or air-break 

I switch, in either case operated by hand level 
or handle. 

(c) B opens all ungrounded wires. 

If above conditions are not met, provide 
disconnecting means rated not less than 115% 
/of full-load current of motor, as follows: 
Portable motors: Attachment plug O.K. 
Stationary motors: 

H bp. or smaller: none required. 

Larg&r than H hp.: use circuit-breaker 
or motor-circuit switch rated in hp., 
with two exceptions: 

2hp. or smaller: if operating at 300 v. 
or less, general-use switch rated at least 
twice full-load current of motor is O.K. 
60 hp. or larger: motor-circuit switch 
rated in amperes or general-use switch 
or isolating switch, all O.K. 

.S43S1 to 4883, Omit under following 
I conditions: 

1 kp. or smaller, manually started: if B is 
[ not greater than permitted by Table 20, cols 
17, 8, 9, 10. 

1 1 hp. or smaller, automatically started: if 

jmotor has built-in protection, 
r yi hp. or smaller, automatically started: 
Xalways. 

1 If not 0. K. to omit D, then it must have a 
Isetting not exceeding 125% of full-load current 
I of motor, with two exceptions: 

I a. Refrigeration motor not over 5 hp., 
[ 140 % is O. K. 

6. Automatically started motor not over 
U hp., 140% is 0. K. 

884831 to 4890. May be manual or auto- 
f matic, as on refrigerator, etc. 

, If circuit breaker, must meet requirements of 
[ Table 10, col. 6, also Table 15. 

If switch, must be rated in hp., except: 

(a) Portable motor, attachment plug is 0. K. 
(6) Stationary motor, hp. or less, normally 
/running, O. K. to omit E. 

\ (c) Stationary motor, 2 hp. or less, may be 

Igeneral-use switch rated at least 200% of 
jfull-load current of motor. 

( Must be located so that operator can see 
motor and driven machinery unless 

(o) it can be locked in off position or (6) 
manually operable switch that prevents starting 
is installed in sight of motor location. 

BandD^ 8*844. B and D may be combined if B 
meets all requirements for D. This is simple if 
^ time-lag fuses are used for B (see pp 47^480). 
D and E N 8*888- E are usually combined; too 

foF brief presentation here (see 

oomDinea^pj, 478-480). 

F, G| § §4871 to 4874. (See p. 480.) 

H, J( 1 84818, 48326. (See p. 467.) 


Fio. 29-1. 
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first part of this chapter will cover these elements under the 
simplest possible conditions: one motor, and nothing except 
that motor, on a branch circuit. The Code in Table 20 (see 
Appendix) gives all the data so that relatively little figuring 
need be done. 


Percentages of Nameplate Current Rating 


i 

Classification of service 

5-min. 

rating 

1 5-min. 
rating 

30- and 
60-min. 
rating 

Con- 

tinuous 

rating 

Short-time duty: 

Operating valv(‘s, raising or lower- 
ing rolls 

no 

120 

150 


Intermittent duty: 

Freight and passenger elevators, 
shop cranes, tool heads, pumps, 

• drawbridges, turntables, single- 
operator arc welders for manual 
welding, etc 

85 

85 

90 

140 

Periodic duty: 

Hoists, rolls, ort^ and coal-handling 
machines 

85 

90 

j 95 

[ 140 

Varving duty 

no 

120 

150 

i 200 


or lower at the 

discretion of the 


authorities enforcing the regula- 


tions 





MOTOR-BRANCH-CIRCUIT WIRES 

(Code Secs. 4311 to 4316) 

Must Carry 126 Per Cent of Full-load Motor Current. — The 

basic rule is that for all ordinary purposes the wires to the 
motor must have a carrying capacity, in accordance with 
Table 1 of the Code, equivalent to at least 125 per cent of the 
full-load current of the motor. Since Tables 21 to 24 show 
what this full-load current is for different motors, it is easy to 
calculate the size wire required. It is much simpler, however, 
merely to refer to Table 20, which gives the answers directly 
without calculations: 
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In column 2 if Type R rubber-covered wire, or Type T wire, is used 
In column 3 if Type RH rubber-covered wire is used» 

Exceptions to 125 Per Cent Requirement. — There are a 
number of exceptions where percentages less than 125 per cent 
may be satisfactory, and others where a percentage greater 



,r 


General Elec Co 

Fig. 29-2. — Typical lotor of a wound-rotoi motoi 

than 125 per cent is required. Section 4312 of the Code 
covers these exceptions, which are as shown in the table on 
page 465. 

Woimd -rotor Motors. — In an ordinary polyphase motor 
there are no windings on the rotor or rotating part; such a 

motor is usually a single-speed 
motor. In the wound-rotor 
type there are windings on the 
rotor, the points of connection 
being brought out to slip rings, 
as shown in Fig. 29-2. Each 
slip ring has a brush riding* on 
it, and through the brushes con- 
nection is made with the wind- 
ings in the rotor. This type of 
motor has the advantage that 
the speed can be adjusted over 
a considerable range by merely 
connecting variable resistances 
between the leads to the slip rings. This control device is 
knowm as the secondary controller. Once adjusted, the speed 



Fig 29-3 — Diagram showing 
connections of the secondaiy con- 
troller ol a wound-rotoi polyphase 
motor. 




WIRING FOR MOTORS 


467 


remains practically constant. These resistances also keep the 
starting amperage down. The method is shown in Fig. 29-3; 
Fig. 29-4 shows one of the controls. The rotor is not in any 
way connected to the power line, but only to the resistances. 
Therefore the usual starter or controller is still used but is so 
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General Elec, Co. 

1 lo. 29-4.- A typical conti oiler for a bmall wound-rotor polyphase motoi. 

interconnected with the secondary controller that operating 
the latter will also operate the former. 

In smaller horsepowers the resistances are included in the 
same cabinet with the secondary controller. In the larger 
sizes the resistances are separate, and the Code, in Sec. 4313, 
requires that the wires from the controller to the resistances 
have a carrying capacity, in percentage of the secondary 
amperage which Avill be found on the name plate of the motor, 
as follows: 


Resistor Duty Classification 


Light starting duty 35 per cent 

Heavy starting duty 45 per cent 

Extra heavy starting duty 55 per cent 

Light intermittent duty 65 per cent 

Medium intermittent duty 75 per cent 

Heavy intermittent duty 85 pfer cent 

Continuous duty . 110 per cent 
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Voltage Drop. — ^The Code specifies only the minimum size 
wires that may be used in a motor circuit. It does not take 
into consideration the voltage drop that always occurs. 
Measure or figure the distance from motor back to the panel- 
board, measured along the wire; then calculate the voltage 
drop for the minimum size wire specified by Table 20 (how 
to do this is covered in Chap. 7), and if it exceeds 2\'2 per cent 
of the voltage at which the motor operates, use larger wire. 
Remember, if the voltage drop as calculated is 5 per cent, in 
order to reduce it to 2}^^ per cent, wire with double the cross- 
sectional area (twice the circular mils) must be used. It is 
not ordinarily considered good practice to permit voltage drop 
greater than 2J^ per cent, for this simply means that a sub- 
stantial percentage of the power paid for is wasted, which 
may mean a considerable sum during the life of the motor; too 
great voltage drop also means that the motor will not develop 
full power, start as heavy loads, or accelerate so rapidly as 
under full voltage. Remember that there is additional volt- 
age drop ahead of the panelboard. 

MOTOR-BRANCH-CIRCUIT OVERCURRENT PROTECTION 

(C'ode Secs. 4341 to 4363) 

Starting Current Is Greater than Running Current. — The 

amperage consumed by a motor during the period while it is 
starting is consid^ably greater than it is after it has come up 
to full speed. Naturally, therefore, the circuit serving the 
motor must be protected by an overcurrent device of a rating 
large enough to carry the starting amperage. 

This branch-circuit overcurrent protection is necessary to 
protect the wires of the circuit against overloads greater than 
the starting amperage, in other words, against short circuits 
and grounds. At the same time it protects the motor con- 
troller, which ordinarily is designed to handle only the amper- 
age consumed by the motor and which would be damaged by a 
short circuit or ground if branch-circuit protection were not 
separately provided. Grounds are often practically equiva- 
lent to short circuits. 
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Motors hp. and larger manufactured from 1940 onward 
are to carry on their name plates a key letter that indicates 
the “locked rotor current ’’ (the current consumed by the 
motor while the motor is stalled), expressed in terms of 
kilovolt-amperes per horsepower, as follows: 


Key 

letter 

K i lo volt-amperes 
per horsepower 
with locked rotor 

Key 

letter 

Kilovolt-amperes 
per hors(*power 
with locked rotor 

A 

Under 3.14 

J 

7.10 to 7,99 

B 

3.15 to 3.54 

K 

8.00 to 8.99 

C 

3.55 to 3.99 

L 

9.00 to 9.99 

D 

4.00 to 4.49 

M 

10.00 to 11.19 

E 

4.50 to 4.99 

N 

11.20 to 12.49 

F 

5.00 to 5.59 

P 

12.50 to 13.99 

G 

5.60 to 6.29 

R 

14 . 00 and up 

H 

6.30 to 7.09 




Running (Full-load) Current. — The full-load current, or 
current consumed by the motor while it is delivering its rated 
horsepower, is stamped on the nameplate of the motor. For 
Code calculations these full-load currents can be found for 
different types and sizes of motors in Tables 21 to 24 (see 
Appendix). 

Maximum Rating of Motor-branch-circuit Overcurrent 
Protection. — If a fuse is to be used for this purpose, first refer 
to Code Tables 21 to 24 and determine the full-load current 
of the motor in question. Then refer to Table 20, column 
7, 8, 9, or 10, which will furnish the answer directly. 

If a circuit breaker is to be used, first consult Tables 21 to 
24 for the full-load current of the motor under consideration. 
Then refer to Code Table 26 if the motor is marked with a 
Code letter, and to Table 27 if it is not so marked; the last 
column will show a percentage, which may be applied to the 
full-load current to determine the rating of the circuit breaker. 
For example, Table 24 shows a 3-phase 220-volt 10-hp. motor 
to have a full-load current of 27 amp. The final column of 
Table 27 shows that the circuit-breaker rating may be 250 per 
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cent of full-load current. The breaker then may be rated at 
2.50 X 27, or 67.5 amp. In accordance with Sec. 4349 the 
next higher standard rating (70 amp.) may be used. A 
60-amp. breaker, however, would usually be found to be of 
adequate size. 

Tables 26 and 27 may also be used to determine maximum 
permissible fuse size, but the use of Table 20 ^nll be found 
more convenient. 

Inspectors are authorized to increase the percentages indi- 
cated in Tables 26 and 27 to a maximum of 400 per cent if 
required to ensure proper operation of a specific motor. 

If the motor is of a type and size which requires an over- 
current device of over 600 amp., it will be necessary to use a 
circuit breaker. (Fuses are not approved in sizes larger than 
600 amp., and Sec. 2411 of the Code prohibits their use in 
parallel for motor protection.) In many other cases it will be 
found desirable to use a circuit breaker instead of fuses. A 
circuit breaker must be rated at least 115 per cent of the full- 
load motor current, and the maximum permissible rating can 
be determined from the Code, as already outlined. 

All the foregoing has reference to the maximum setting 
permitted for the overcurrent device. In practice it should be 
set as low as possible and still carry the maximum current 
required by the motor while starting or running. However, 
Sec. 4346 requires that the fuse holder must be capable of 
holding the largest fuse permitted by Table 20. Occasionally 
this will necessitate using an adapter to permit, for example, 
60-amp. fuses to be used in fuse holders designed for the larger 
70- to 100-amp. fuses. 

Since Sec. 4312 requires that the motor-branch-circuit wires 
must have a carrying capacity of at least 125 per cent of the 
motor full-load current, and since Sec. 4342 permits over- 
current protection in some cases up to 400 per cent of the 
motor full-load current, it is evident that the overcurrent 
protection may be as much as 400/125, or 320 per cent of the 
carrying capacity of the wire. This is contrary to general 
practice; hence it should be well understood that this is per- 
mitted only in the case of wires serving motors. 
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Under certain conditions the motor-branch-circuit over- 
current device will serve also as the motor-^running overcur- 
rent protection; this will be covered in a later section of this 
chapter. 

Location of Overcurrent Device. — If the motor-branch- 
circuit overcurrent protection takes the form of fuses, then 
one fuse must be placed in each ungrounded wire; never may 
one be used in the grounded wire. 

If the overcurrent device is anything except a fuse, it must 
be so designed that it will open all the ungrounded wires. It 
may also open the grounded wire, provided that in doing so it 
simultaneously opens also the ungrounded wires. In this con- 
nection remember that when circuit breakers are used, while 
the ^^ires are actually opened by movable contacts, the con- 
tacts, in turn, are actuated by some type of thermal con- 
trivance which causes them to open. The Code refers 
to this thermal contrivance as the overcurrent unitJ^ One 
such unit in one wire may actuate one or more contacts 
simultaneously, opening an equal number of wires, but it is 
still a single overcurrent unit. 

Similarly, a dmce Avith contacts that Avill open, for example, 
four Avires simultaneously, may be provided AA-ith tAVo, three, 
or four overcurrent unitSy each in a separate AAdre, and, regard- 
less of Avhich unit operates, all Avires A\dll still be opened 
simultaneously. 

The Code requirements as to the number of branch-circuit 
overcurrent units and also their location as to the several AAdres 
running up to the motor can be found in the Code, Table 28 
(see Appendix). This table shoAA^s that all depends on the 
number of Avdres in the circuit, Avhether current is single phase 
or polyphase, which Avires are grounded, and similar factors. 

Feeder Taps in Inaccessible Locations. — At times it is neces- 
sary to tap the motor-branch-circuit wires to a feeder at a 
location not readily accessible. To locate the branch-circuit 
overcurrent protective device at such a point Avould render it 
equally inaccessible, which would be impractical. The sim- 
plest Avay of getting around this difficulty is to make the 
branch-circuit Avires of the same size as the feeder, up to a 
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convenient location, where the overcurrent device is then 
located. Obviously no overcurrent protection is then required 
at the point of the tap; beyond the overcurrent device wherever 
located, up to the motor, the size wire to be used is determined 
in the usual way. 

If the distance between the tap and the location of the over- 
current device is not over 26 ft. and if the wires are pro- 
tected against mechanical injury, then the Code, in Sec. 4348, 
permits wires to be used which are smaller than the feeder, but 
they must have a carrying capacity in amperes at least one- 
third that of the feeder; obviously they must be no smaller 
than the minimum required for the motor branch circuit in 
question. 

Motor-branch-circuit Overcurrent Device Omitted. — If 

branch-circuit wires are the same size as the feeder, all the 
way up to the motor-running overcurrent device, the branch- 
circuit overcurrent device may be omitted entirely. Obvi- 
ously the branch-circuit wires are protected by the feeder 
overcurrent protection. It would be more correct to say that 
there is no feeder and that what was considered the feeder 
becomes the motor branch circuit. 

Motor-feeder Overcurrent Protection. — Before discussing 
this topic, which is covered by Secs. 4361 to 4363 of the Code, 
it is important to understand just what a feeder is. The Code 
defines feeders as ^^any conductors of a wiring system between 
the service equipment, or the generator switchboard of an 
isolated plant, and the branch-circuit overcurrent device.^’ 
The overcurrent device used to protect the motor for running 
protection^ which will be covered later in this chapter, is not the 
overcurrent device referred to; the feeder ends at the branch- 
circuit overcurrent device. 

In large installations the requirements for power are usually 
such that each individual branch circuit cannot possibly be 
run back to a common point at the service entrance. Instead, 
there are feeders to panelboards at various locations, and the 
individual branch circuits start from these panelboards. 

The feeders are subject to certain requirements as covered 
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in the Code. These requirements are simple. A feeder that 
supplies only one motor and nothing else must be provided 
with overcurrent protection no greater than that calculated as 
just outlined for the motor-branch-circuit protection. 

If the feeder serves the one motor in addition to supplying 
power for lighting or appliances, add the amperage required 
for lighting or appliances to the maximum amperage permitted 
for the branch-circuit protection of the motor only; this is, 
then, the maximum setting of the feeder overcurrent device. 

DISCONNECTING MEANS 

(Code Secs. 4401 to 4411) 

The purpose of the disconnecting means is totally to isolate 
the motor and its controller, for example, when it is necessary 
to work on either device. 

Combined Disconnecting Means and Controller. — Fre- 
quently the motor controller serves the purpose of the dis- 
connecting means as well. When this is permissible will be 
covered later in this chapter under the subject of Controllers. 

Requirements for Disconnecting Means. — Most motors 
require a disconnecting means; the exceptions will be men- 
tioned later. When required, the disconnecting means must 
have a capacity of at least 115 per cent of the full-load motor 
current. It may be a motor-circuit switch rated in horse- 
power, a circuit breaker, or sometimes some other device as 
will be described. 

If a switch or circuit breaker is used, it must plainly indi- 
cate whether it is in the open or closed position. It must be 
located ivithin sight^ of the controller, unless it can be locked 
in the off position. It must be so arranged that it will simul- 
taneously open all ungrounded \\ires (it may also open a 
grounded wire provided that in doing so it at the same time 
opens all wires). It may be in the same case with the con- 
troller. It must disconnect both the motor and the controller. 

The disconnecting means must be a motor-circuit switch 

1 Any distance of more than 50 ft. is considered out of sight. 
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rated in horsepower, or a circuit breaker, with the following 
exceptions: 

1. For stationary motors of H hp. or less, the branch-circuit overcur-* 
rent device is sufficient, no separate disconnecting means being required. 

2. For stationary motors of 2 hp. or less and 300 volts or less, a general- 
use switch rated only in amperes and not in horsepower may be used, if 
it has an amperage rating at least twice the full-load current of the motor. 

3. For stationary motors of more than 50 hp. a motor-circuit switch 
rated also in amperes, a general-use switch or an isolating switch may be 
used. 

4. For portable motors the attachment plug and receptacle arc suffi- 
cient. 

On small motors, a very inexpensive switch such as is shown 
in Fig. 15-3 may be used. This smtch, rated at 30 amp. and 
costing very little over a dollar, accommodates plug fuses up 
to 30 amp. and may serve as a combined disconnecting means 
and branch-circuit protection. Considering a single-phase 
motor and remembering that such a motor may require 
amperages while starting as high as 6 times its normal running- 
amperage, it becomes evident from Table 22 of the C'ode that 
such a switch will be suitable on 115 volts for any motor of 
this type, hp. or smaller, and on 230 volts for any motor of 
^'2 hp. or smaller. If the starting amperage of any motor 
under consideration does not reach 600 per cent of the full- 
load amperes, the s\vitch will handle a larger motor. More- 
over, if time-lag fuses described in Chap. 5 are used, the switch 
will handle much larger motors, limited only by its rating, 
which must be at least twice the full-load current of the motor. 

Service Switch as Disconnecting Means. — In the rare cases 
when an installation consists of a single motor and nothing 
else, the service switch serves as the disconnecting means, 
provided that it is Avithin sight of the controller and also 
meets the general provisions of the Code. 

MOTOR-RUNNING OVERCURRENT PROTECTION 

(Code Secs. 4321 to 4333) 

Need for Running Protection. — A motor that requires, for 
example, 10 amp. while delivering its rated horsepower may 
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require as much as 60 amp. while starting. Once the motor 
has come up to speed, there will probably be times when the 
machine which the motor drives will require more power than 
the rated horsepower of the motor; the motor may be entirely 
capable of delivering more horsepower for a nominal period 
of time, consuming a correspondingly greater amperage while 
doing so. Under overload this motor normally drawing 10 
amp. may require 15 amp. If permitted to draw 15 amp,, 
continuously, the motor will probably be damaged. 

So far in this discussion only the motor-branch-circuit over- 
current device has been provided, and that may under certain 
conditions be as high as 400 per cent of the full-load current, 
or 40 amp. in this case. Obviously a 40-amp. overcurrent 
device will protect the motor circuit against short circuits and 
grounds, but it will in no way protect the motor against an 
overload which causes it to consume 15 amp. instead of 10 amp. 

Therefore the Code requires that, in addition to the motor- 
branch-circuit overcurrent protection, a separate overcurrent 
device must be provided to protect the motor and controller 
against nominal overloads which cause nominal increases in 
amperage. Usually this overcurrent device is a component 
part of the controller, but it may be one of the overcurrent 
devices mentioned in Chap. 5. 

Continuous Duty Motors. — The motor-running overcurrent 
device required depends on many factors, as follows; 

More than 1 hp. : Whether manually started, or automatically as on 
refrigerators, water pumps, etc., the overcurrent device must be rated 
at not over 125 per cent of the full-load current of the motor as stamped 
on its nameplate^ if the motor is of the ordinary type designed for a tem- 
perature rise not exceeding 40°C. If it is of a different type, the maxi- 
mum rating is 115 per cent. However, if applying the 125 or 115 per 
cent factor results in an odd amperage rating for which there is no stand- 
ard overcurrent device, the next higher standard rating may be used, 
provided that it is not more than 140 per cent of the full-load current of 
the motor. 

Some motors have overcurrent devices built into them when they are 
made, and the Code requirements for such devices are therefore of more 
interest to motor builders than the general public. It is quite safe to 
assume that a built-in device of a reputable brand of motor will meet 
Code requirements. 
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1 hp. or less, manually started: If the motor is out of sight of the 
starter location (50 ft. or more is considered out of sight), it must be 
protected as will be covered below, for automatically started motors. 
If however it is in sight from the starter location, the branch-circuit over- 
current protection is considered adequate if it does not exceed the value 
shown in Table 20. However, it is permissible to operate any motor at 
125 volts or loss on any branch circuit protected by 20-amp. overcurrent 
protection. 

Despite the above, which permits such motors to be v(*ry simply pro- 
tected, it is wise to provide running protection for maiuially started 
motors, especially on farms where, for example, a water-pump motor 
may run for long periods without attention. Consider the extra cost of 
such protection as insurance. 

1 hp. or less, automatically started: For protecting such motors, a 
choice of several methods is available, as follows: 

a. A separate overcuirent device rated a"t not over 125 per cent of the 
full-load current. If this results in a nonstandard amperage, use the 
next higher standard provided that it does not exceed 140 per cent of 
the full-load current. 

h. Inherent overcurrent protection. This is a built-in device, a com- 
ponent part of the motor which operates not only by the heat created by 
the current flowing through it but usually also by heat conducted to it 
from the frame and windings of the motor. If the motor is already hot 
from operating for a long time at full load, then the device will disconnect 
the motor more quickly when an overload arises than if the motor started 
cold and immediately overloaded to the same degree. In this respect 
such built-in devices as ‘‘Thermotrons’^ and Thermoguards provide 
better protection than separate devices. 

c. If part of an approved assembly which does not normally subject 
the motor to overloads and which is also equipped with other safety con- 
trols (such as the safety combustion controls of a domestic oil burner) 
which protect the motor against damage due to stalled-rotor current.^’ 
There are very few oil burners equipped with a device which meets all 
these requirements. 

d. Motors of the general type of clock motors are not harmed if they 
do not start and are considered protected by the branch-circuit over- 
current device. 

Wound-rotor Motors. — Polyphase motors of this kind, usually adjust- 
able speed, have wires rimning from their rotors (which are in no way 
connected to the line) to the control device. No overcurrent protection 
is required in these wires. 

Intermittent and Similar Duty Motors. — Motors of this 
cdassification as defined in the table on page 465 are pro- 
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tected by the branch-circuit overcurrent device, vdiich must 
meet the requirements set forth earlier in this chapter and 
covered by the Code in Tables 26 and 27 (see Appendix). 

Fuses as Running Protection. — Knowing that the running 
overcurrent protection may never exceed 140 per cent of the 
full-load current, and is usually less, and knowing also that 
some types of motors require up to 600 per cent of their full- 
load current, while starting^ it is evident that ordinary fuses 
used for running protection will usually blow during the start- 
ing period. 

Therefore only time-lag fuses should be used for that pur- 
pose; in most cases they will not blow while starting, unless 
the motor requires unusually high starting current and is 
starting a machine that does not come up to speed quickly. 

If the characteristics of the motor and the load are such 
that blowing of fuses is probable during the starting period, 
other kinds of protection should be used. However, fuses 
may be used and blowing prevented while starting by using 
a special type of double-throw switch, so designed that during 
the starting period the fuses are short-circuited and the motor 
is thrown directly on the line. This is permissible if the 
switch cannot be left in the starting position and if the motor 
is protected by fuses or circuit breaker somewhere in the 
branch circuit or feeder circuit, rated at not over 400 per cent 
of the full-load current of the motor. 

A fused switch used as above outlined becomes a combined 
motor-running overcurrent protection and motor controller. 
The Code, in Sec. 4390, requires that under those conditions 
the fuse holder must be of a size to accommodate the largest 
size fuses permissible by Table 20, column 5, for motor- 
running protection. For example, this table may permit fuses 
of a maximum size of 70 amp. For various reasons it may 
found expedient to use fuses of 60-amp. size, smaller in rating 
than the 70-amp. size permitted. The 60-amp. fuses, how- 
ever, are too small mechanically to fit a fuse holder designed 
for the 70-amp. size. Accordingly, it becomes necessar}’' to use 
the 60-amp. fuses in adapters which permit them to be used in 
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holders designed for the larger 70-amp. size. The reason for 
this requirement is simple. With the best of intentions, it 
may originally appear that 60-amp. fuses are sufficient; it may 
later be found in practice that the 60-amp. size will blow 
regularly under actual working conditions; the next size, 
70-amp., is too large for the 60-amp. fuse holder. If the 
fuse holder is capable of taking 70-amp. fuses, the size per- 
mitted by the Code, it is a simple matter to substitute the 
70-amp. for the 60-amp, instead of resorting to dangerous 
substitutes. 

When fuses are used as running protection, one must be 
used in each ungrounded wire. 

Other Devices as Running Protection. — If devices other 
than fuses are used for overcurrent protection, they must be 
rated at least 115 per cent of the full-load current of the motor 
and the device must disconnect sufficient ungrounded wires to 
shut off all flow of current to the motor. The number of over- 
current units (see discussion of this in previous section of this 
chapter) is rather complicated. Since usually the device itself 
is purchased to match up with a given motor and diagrams 
are provided by the manufacturer for proper connection, this 
need not give any great concern. However, Sec. 4327 of the 
Code gives the requirements, as shown in the table on page 
479. This table refers to running overcurrent protection and 
should not be confused with branch-circuit overcurrent pro- 
tection, which is covered in Table 28 of the Code. 

Combined Running Overcurrent Protection and Controller. 
The motor-running protection and the motor controller are 
usually combined in a single device. It is necessary only that 
the requirements of the foregoing table be met and that the 
overcurrent units be operative, in the case of direct-current 
motors, in both the starting and running positions; in the case 
of alternating-current motors they need to be operative only 
in the running position (Sec. 4329). 

Combined Branch-circuit and Running Overcurrent Pro- 
tection. — Under certain circumstances, these two separate 
forms of protection may be combined in a single overcurrent 
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device. Occasionally there will be circumstances where a 
motor starts so readily that the starting amperes do not 
exceed the permissible amperage for the running overcurrent 
protection. In that ease a single overcurrent device will serve 
the purpose 


Kind of motor Supply system 


Number and location of 
overcurrent units, such as 
trip coils, relays, or 
thermal cutouts 


1-phase A.C., or 2-wire 1-phase A.C., or 
D.C. D.C., ungrounded 

1-phase A.C., or 2- wire 1-phase A.C., or 
D.C. D.C., one conductor 

grounded 

1-phase A.C., or 3-wire 1-phase A.C., or 
D.C. D.C., grounded-neutral 


1 in either conductor 
1 in ungrounded conductor 


1 in either ungrounded 
conductor 


2-phase A.C. 


2-phase A.C. 


2-phase A.C. 
2-phase A.C. 


3-wire 2-phase A.C., un- 
grounded 

3- wire 2-phase A.C., one 
conductor grounded 

4- wire 2-phase A.C., 
grounded or ungrounded 

5- wire 2-phase A.C., 
grounded neutral or un- 
grounded 


2, one in each phase 

2 in ungrounded con- 
ductors 

2, one per phase in un- 
grounded conductors 

2, one per phase in any un- 
grounded phase wire 


3-phase A.C. 
3-phase A.C. 


3-phase A.C. 


3-wire 3-phase A.C., un- 
grounded 

3-wire 3-phase A.C., one 
conductor grounded 

3- wire 3-phase A.C., 

grounded-neutral 

4- wire 3-phase A.C., 
grounded-neutral or xm- 
grounded 


2 in any 2 conductors 

2 in ungrounded con- 
ductors 

2 in any 2 conductors 

2 in any 2 conductors, ex- 
cept the neutral 


In any event, as long as the branch-circuit overcurrent 
device is set at an amperage no greater than is permissible for 
the running overcurrent protection, then the single device, in 
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place of two separate devices, is sufficient. It is well to 
remember the points brought out in Chap. 5: that, whereas an 
ordinary fuse blows on a normal overload beyond its rated 
amperage, time-lag types of fuses, as well as certain types of 
circuit breakers, will carry a very considerable overload for a 
reasonable period, but open almost instantly on a very heavy 
overload or a short circuit. If such a de\^ice is used for branch- 
circuit protection, it will permit the starting current to flow 
without opening the circuit, if it flows for only the normal 
starting period. If, however, a much smaller amperage, still in 
excess of normal rating of the device, flows for a long period, 
the circuit will be opened. Using such a device for branch- 
circuit protection makes it unnecessary to provide separate 
running overcurrent devices. 

Remote-control Circuits. — Often a motor must be con- 
trolled from a point some distance from the motor. It would 
naturally be possible to run the branch circuit from the 
panelboard to the controller, then to the motor. This how- 
ever in most cases would require more materials and would 
involve longer runs than are necessary. It is therefore more 
logical to use a controller of the remote-control type, con- 
sisting essentially of a relay that closes the circuit to the 
motor, when a very small amperage flows in the coil of lh(‘ 
relay. The controller is then installed near the motor, 
the branch-circuit wires running through the coutroUl^ to 
the motor in the shortest possible way. From the controller, 
small wires are run to the point from which the motor is to 
be controlled, at which })oint a push button is installed to 
control the motor. 

The wiring from the control station to the controller proper 
is known as ^^remote-control wiring^' and is covered by Cod(^ 
Secs. 4371 to 4374. The current in such wires is usually 
very small, and the wires themselves are not very large. 
Overcurrent protection for them is subject to the following: 

1. No overcurrent protection is necessaiy provided that the setting 
of the branch-circuit overcurrent device in the cinjuit serving the 
motor in question is not over 500 per cent of the carrying capacity, 
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per Table 1, of the wires connecting the push-button control station 
with the controller proper, 

2. No overcurrent protection is necessary if the controller device 
and the point of control (start and stop buttons, pressure switch, 
thermostatic switch, etc.) are both located on the same machine and 
the control circuit does not extend beyond the machine. 

3. No overcurrent protection is necessary if the opening of the con- 
trol circuit would create a hazard, as, for example, the control circuit 
of fire-pump motors, etc. 

4. In the absence of any of the above three points, protect the 
wires of the control circuit with overcurrent devices rated at not 
over 500 per cent of their carrying capacity per Table 1 . The over- 
current device, however, must not be of the time-lag type. 

If damage to the remote-control circuit would constitute a 
hazard, the wires of the remote-control circuit must be installed 
in conduit or otherw ise suitably protected against mechanical 
injur3^ For example, damage to the wires of the remote- 
control circuit of an oil burner might mean that the burner 
would continue in operation even after the thermostat had 
operated in the usual w^ay to shut the burner off. That would 
lead to excessive temperatures or, in the case of a steam- 
lieating system, dangerous pressures. Either result w’^ould be 
a hazard, and accordingly the control wires must be suitably 
protected against mechanical injury. 

''File control device must be so wired that it is disconnected 
automatically, wdienever the motor is disconnected by the dis- 
connecting means as defined in the Code, and as covered in a 
previous portion of this chapter. 

MOTOR CONTROLLERS 

(Code Secs. 4381 to 4390) 

A motor controller according to Code definition is ‘‘any 
switch' or device normally used to start and stop the motor. 
The controller may be a manually operable device, or it may 
be an automatic device as found on refrigerators, oil burners, 
and similar appliances. 
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Requirements for Controllers. — In general the controller 

shall be capable of starting and stopping the motor which it 
controls, and for an alternating-current motor shall be capable 
of interrupting the stalled-rotor current of the motor/ ^ These 
basic requirements are of chief interest to manufacturers. 
Users and contractors will find that approved controllers fur- 
nished by manufacturers will automatically meet these require- 
ments. Nevertheless it is well to be familiar with them. 

The requirements for controllers are covered by Code Sec. 
4383, which reads as follows: 

The controller shall have a horsepower rating, which shall not be 
lower than the horsepower rating of the motor, except as follows: 

1. Stationary motor of hp. or less: For a stationary motor rated 
at hp. or less, that is normally left running and is so constructed that 
it cannot be damaged by overload or failure to start, such as clock motors 
and the like, the branch-circuit overciurent device may serve as the 
controller. 

2. Stationary motor of 2 hp. or less: For a stationary motor rated at 
2 hp. or less, and 300 v. or less, the controller may be a general-use switch 
having an ampere rating at least twice the full-load current rating of the 
motor. 

3. Portable motor of K hp. or less: For a portable motor rated at 

hp. or less, the controller may be an attachment plug and receptacle. 

4. Circuit breaker as controller: A branch-circuit circuit breaker, 
rated in amperes only, may be used as a coiitrolI(*r. When this circuit 
breaker is used for overcurrent protection also, it shall conform to the 
appropriate provisions of this article governing overcurrent protection. 

The controller need open only enough conductors to start 
and stop the motor. If, however, it serves also as the dis- 
connecting means as will be discussed shortly, then it must 
meet certain other requirements. In this connection note that 
it is permissible that the grounded wire be opened by the con- 
troller provided only that the device is so constructed that all 
the ungrounded wires are opened simultaneously with the 
grounded wire. 

In general the controller must be located so that the motor 
and its driven machinery shall be within sight^ of the point 

1 According to the Code, a distance of 50 ft. or more is considered out of 
sight. 
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from which the motor is controlled, unless one of the following 
points is complied with: 

1. The controller or its disconnecting means is capable of being 
locked in the open position. 

2. A manually operable switch, which shall prevent the starting 
of the motor, is placed within sight of the motor location. Obviously 
this provision is included to make it safe to work on the motor or its 
driven machinery without the danger of having the motor started 
from some remote point by some person who does not know that 
the motor or its machinery is being worked on. This switch may 
be directly in the motor circuit or it may be a very simple toggle 
switch such as is used for lighting purposes, in the remote-control 
circuit of the motor, in a wire to the push-button starting station 
controlling the motor. 

3. Special permission is given by the inspector. 

Adjustable-speed Motors. — Section 4388 of the Code pro- 
vides that adjustable-speed motors, ^^if controlled by means 
of field regulation, shall be so equipped and connected that 
they cannot be started under weakened field, unless the motor 
is designed for such starting.^' Inasmuch as this refers to a 
specialized type of motor, in which the motor and the con- 
troller are usually furnished by the manufacturer on the same 
order, this section need not cause any great concern. 

Combined Controller and Disconnecting Means. — ^The con- 
troller serves also as the disconnecting means if it meets all the 
following four conditions: 

1. It must meet all the Code requirements for controllers when 
used only for controller purposes. 

2. It must open all ungrounded wires to the motor. 

3. It must be protected by an overcurrent device (which may be a 
set of fuses) which opens all ungrounded wires to the motor. This 
refers to the motor-branch-circuit protection. 

4. It must be one of the following types: 

a. A circuit breaker, or an air-break switch, operable by applying 
the hand to a lever or handle. 

b. An oil switch of rating not more than 600 volts and 100 amp.; 
or exceeding 100 amp. if under expert supervision and by special 
permission. 



484 ACTUAL WIBINO: NONBESIDENTIAL PROJECTS 

Obviously, if the controller is of the automatic type such as 
used on oil burners, refrigerators, water systems, and similar 
devices, requirement 4a above is not met, and a separate dis- 
connecting means is required. If the motor is started by 
means of a compensator type of controller, a separate discon- 
necting means is always required. 

MISCELLANEOUS 

Protection of Live Parts. — Most motors in common use and 
))uilt today do not have exposed live parts. Some motors 
constructed years ago and still in use may have exposed live 
parts. If there are such parts, then the motor must be 
guarded against accidental contact by a guard rail, or some 
similar device. 

Grounding. — Controller cases must always be grounded 
unless attached to portable motors. The motors themselves 
must be grounded if they operate at a voltage in excess of 150 
volts to ground,^ if in a hazardous location, or if in a con- 
tinuously Avet place. If the Avires to the motor are inside 
armor or conduit or other metallic raceAA^ays, then the motor 
must also be grounded, but the armor or conduit itself serves 
as the ground. It is doubly necessary that all joints in the 
armor, or conduit, be particularly secure mechanically, to pro- 
vide a good ground. Where Aviring is by a different scheme, 
ground the motor as directed in Chap. 25. 

Portable motors must be grounded if they operate at voltage 
in excess of 150 volts to ground. Often this is accomplished 
by an extra conductor in the cord serving the motor, this 
extra conductor in turn contacting a terminal in the receptacle 
to which the grounded supply wire is attached. 

TWO OR MORE MOTORS ON ONE CIRCUIT 

When more than one motor is served by one branch circuit, 
certain factors change considerably. These Avill be discussed 

^ In the case of a 230-volt single-phase motor connected to the outside 
two wires of a 3-wire system, with a grounded neutral, the voltage to 
ground is not 230 but 115 volts 
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here in the same order in which these elements appeared in 
the first portion of this chapter where a single motor on a 
branch circuit was discussed. 

Wire Sizes. — When more than one motor is involved, first 
determine the minimum required carrying capacity in amperes 
of the wires (whether branch or feeder) if only the largest 
motor in the group were involved. Then add the full-load 
current (Tables 21 to 24) for each of the other motors in the 
group. Finally, add amperage required for the lighting and 
appliance load, if any. This gives the total minimum amper- 
age carrying capacity required, from which it is easy, with 
the aid of Table 1, to determine the size wire required as a 
minimum. 

For example, consider one each 3-hp., 1^^-hp., and 3-^-hp. 
single-phase 115-volt motors. In Table 22 the full-load cur- 
rents for these three motors are, respectively, 34, 18.4, and 
7.4 amp. If only the 3 hp. were connected, the minimum 
carrying capacity of the wires would be 125 per cent of 34 
amp., or 42.5 amp. Add 18.4 and 7.4 amp., making a total of 
68.3 amp. Assume a lighting load of 10 amp., which makes a 
grand total of 78.3 amp. Reference to Table 1 shows that, if 
Type R rubber-covered wire is used, No. 3 is the minimum, 
and good practice may demand a heavier size to prevent undue 
voltage drop. 

If two or mPre motors are of the same size, consider one of 
them the ^ largest” and the others the smaller motors. 

Motor-branch-circuit Overcurrent Protection. — Two or 
more motors of 1 hp. or less rating, and each having a full- 
load current of 6 amp. or less in Tables 21 to 24, may be used 
on a single branch circuit protected by overcurrent protection 
rated at 20 amp. or less at 125 volts or less, or 15 amp. at 
600 volts or less. Motor-running overcurrent protection is 
not necessary for each motor individually, unless it is required 
when that motor is connected to a separate circuit of its own. 

Moreover, two or more motors of any description may be 
used on the same branch circuit if all the following conditions 
are met: 
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1. Each motor must be provided with motor-running overcurrent 
protection, and the device must be a special type ^^approved for group 
installation.” 

2. Each controller must be “approved for group installation.” 

3. The branch circuit must be protected by fuses (not other overcur- 
rcnt devices) having a rating as specified in Tables 26 or 27 for the largest 
motor, plus an additional amperage equivalent to the full-load currents of 
all the other motors. 

4. The branch-circuit fuses must not be larger than permitted for 
thermal cutouts or other similar devices used for motor-running 
protection. 

The first Code requirement is that each motor must be pro- 
vided with individual motor-running overcurrent protection of 
a rating determined exactly as if the motor were alone on a 
circuit, but it must be a type that is approved for group 
installation. The ordinary devices used for motor-running 
overcurrent protection are not designed to be able to interrupt 
short circuits and would be damaged should they be subjected 
to short-circuit currents. Since the Code requires, in the case 
of a single motor on a branch circuit, that the branch-circuit 
overcurrent protection not exceed 400 per cent of the full-load 
current, the motor-r arming overcurrent device is, of course, 
protected against short circuits by the branch-circuit overcur- 
rent device. 

When, however, a group of motors is connected to a branch 
circuit, if the branch-circuit overcurrent device is of a rating 
heavy enough to permit all the motors to run at one time or 
perhaps to start at the same time, the branch-circuit over- 
current device would have to be many times greater than 400 
per cent of the full-load current of the smallest motor in the 
group. The motor-running overcurrent device for that motor 
would not then be adequately protected by the branch-circuit 
overcurrent device. Consequently, the motor-running over- 
current device for each motor must be of the type approved 
for group installation, which tests have shown is capable of 
interrupting currents much heavier than merely normal motor 
overloads. 

Such devices may be “thermal cutouts, devices something 
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like fuses. They, are capable of interrupting quite heavy cur- 
rents but not capable of opening short circuits. Such devices 
have stamped on them two amperages. The smaller rating 
is their normal rating, just as a fuse is rated in amperes. 
The larger rating represents the maximum permissible rating 
of the overcurrent device protecting the branch circuit. 
The rating of the branch-circuit overcurrent device must be 
no greater than this second or larger rating stamped on the 
smallest thermal cutout on the circuit. 

Gradually becoming more common today for the purpose of 
motor-running overcurrent protection for motors in groups are 
the time-lag fuses of the t 3 rpes that were shown in Figs. 5-5 
and 5-6. These are capable of interrupting short circuits, and 
therefore there is no restriction on the maximum amperage 
rating of the branch-circuit overcurrent device except the 
general rules which follow. 

Assuming that each motor is properly protected by motor- 
running overcurrent protection of the type just discussed, the 
rating of the branch-circuit overcurrent device to protect the 
circuit with the group of motors is as follows: 

Determine the maximum rating permitted (Table 20, 
column 7, 8, or 9) if only the largest motor were on the circuit. 
Add the full-load current (Table 21, 22, 23, or 24) for each of 
the other motors in question. The total adjusted upward to 
the next standard size of overcurrent device (if the total 
comes out to a nonstandard size) is the maximum rating of the 
branch-circuit overcurrent device, provided that fuses or other 
devices capable of interrupting short circuits are used for 
the individual motor-running overcurrent devices. If, how- 
ever, for this purpose thermal cutouts or other devices are 
used, approved for group installation but still not capable of 
interrupting short circuits, then make sure that the rating 
of the branch-circuit overcurrent device, as determined above, 
does not exceed the maximum current-interrupting ability of 
the smallest device used on the group of motors for motor- 
running overcurrent protection. 

Problems will arise as to the size of the wires, and protection 
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for the wires, from the point where they branch off from the 
branch-circuit wires proper (see Fig. 29-5). The wire from A 
to B to C is the branch-circuit wire, the size of which is deter- 
mined as already outlined. A is the branch-circuit overcur- 
rent device, also determined as already outlined. From B to 
D, from C to Ej and from C to F are the taps supplying the 
individual motors. If these taps are the same size as the 
branch-circuit wires, no overcurrent protection is reciuired at 
points B and C. If the tap is the minimum size, as outlined 
in the first part of this chapter covering a single motor, if it 

B C 

LJ T 1 1 


C_H C3" 

D E F 

Fig. 29-5. — Problem in several motors on one circuit. 


has an amperage carrying capacity at least one-third that of 
the branch-circuit wire A-B-Cy and if it is not over 25 ft. long 
and is protected against mechanical injury, then no overcurrent 
protection is required at points B and C. Under all other 
conditions overcurrent protection is required at these points; 
determine the size just as if you were considering a single 
motor on a branch circuit, as outlined in the first part of this 
chapter. 

As a matter of fact, installing overcurrent protection at the 
points B and C completely changes the complexion of the 
picture, for then the wire A-B-C is no longer a branch-circuit 
wire but becomes a feeder; A becomes the feeder overcurrent 
protection; the wires B to D and C to jEJ, also C to F, become 
branch-circuit wires. The overcurrent protectors at points 
B and C become branch-circuit overcurrent devices, and, 
instead of a group of motors on a single branch circuit, wc 
now have individual motors on individual branch circuits, fed 
by a common feeder A-5-C. 
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Motor-feeder Overcurrent Protection. — ^The feeder for a 
group of motors is to be protected by an overcurrent device 
of an amperage rating no greater than the branch-circuit over- 
current device for the largest motor served by the feeder, 
plus the full-load current for each of the other motors in the 
group. If two motors are of the same size, consider one of 
them as the “largest,” the other as the smaller. There will 
be times when several motors must be started at the same 
time. In that case both feeder wires and feeder overcurrent 
may have to be increased; this is a case for consultation with 
the local inspector. 

If a lighting or appliance load is also served by the same 
feeder, simply add the amperage required for this purpose to 
the amperage determined by the preceding paragraph. 

Disconnecting Means. — Instead of a disconnecting means 
for each individual motor, the Code permits a group to be 
handled by a single disconnecting means, under one of three 
conditions: 

1. If several motors drive different parts of a single machine, as 
for example metal or woodworking machines, cranes, hoists, etc. 

2. If several motors are in a single room within sight of the dis- 
connecting means. 

3. If several motors are protected by a single branch-circuit over- 
current device. 

The rating of such a common disconnecting means must 
not be smaller than would be required for a single motor of a 
horsepower equal to the sum of the horsepowers of all the 
individual motors (or a full-load amperage equal to the sum 
of the full-load amperages of all the individual motors). 

Controllers. — A group of motors may be controlled by a 
single controller under the same conditions outlined for a 
single disconnecting meaiis in the previous paragraph. 
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WIRING SCHOOLS AND CHURCHES 

Statistics show that 9 per cent of all students in the ele- 
mentary grades of school have defective vision. In high 
schools the figure is 24 per cent, and in colleges it is 31 per 
cent. It is a well-established fact that, if good lighting is 
provided from the first grade onward, the percentages of stu- 
dents with defective vision are greatly reduced. Moreover 
it is equally well established that good lighting contributes 
materially toward raising the average grades of the students. 
Those who have been lagging behind in most cases respond 
(luickly when proper illumination is provided; the number of 
failures drops. Good lighting is therefore a tremendous asset 
for the students themselves and likewise has been found to 
pay good dividends in the form of reduced over-all cost of 
providing education on a ‘‘per student per year^^ basis. 

Foot-candles Required. — For class and study rooms 20 foot- 
candles is usually accepted as the absolute minimum. In 
drawing rooms 30 foot-candles is acceptable, and 50 foot- 
candles is not too high. Double these values would not be 
too high, and would be truly modern. In auditoriums 10 
foot-candles is sufficient, and for corridors 5 foot-candles is 
ample. These are definite standards that should be met. It 
is safe to say that only a small percentage of schools today 
are lighted to a point even remotely approaching these figures; 
too many installations are of the type shown in Fig. 30-1. 
Installations made many years ago have not been changed 
even if woefully inadequate according to the standards of 
today. Here is a fertile field for modernization, and Fig. 30-2 
shows what can be done. This shows the same school as in 
Fig. 30-1 but now equipped with modern and adequate light- 
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ing. It is safe to say that the pupils of this school will now 
progress further than before, with less effort. 

T3rpes of Fixtures Recommended. — Fixtures with exposed 
bulbs should under no circumstances be used, for they involve 
entirely too much glare, have too great surface brightness. 



Curtis Lighting 

Fig. 30-1. — ^Lighting of the type shown above is not unusual in schools today. 
Efficient work is not possible under such conditions 


cause harsh shadows, and lead to all the other evils recounted 
in previous chapters. In a properly designed school instal- 
lation, if incandescent bulbs are used, only fixtures of the 
indirect or semi-indirect type should be used. Fluorescent 
units are more commonly used today, furnishing an abundance 
of light with minimum surface brightness and relatively low 
wattage. 

Special attention should be paid to the finish of ceilings, 
walls, and all reflecting surfaces. Ceilings and walls must be 
clean, light color to reflect weU, but preferably dull finish to 
avoid glare, so that reflected light will be well diffused. 
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Curtis Lighting, 

Fig. 30-2. — The schoolroom shown in Fig. 30-1, but now equipped with 
modern lighting. Lighting of this type makes for highest pupil efficiency. 




General Elec, Co, 

Fig. 30-3.~-This photoelectric control automatically turns lights on and off 

as required. 



WIRING SCHOOLS AND CHURCHES 


493 


Automatic Lighting Control. — To secure “better light, better 
sight,’' it is not sufficient merely to provide an installation 
that is capable of producing the required illumination. The 
lights must be turned on and off at the right time before the 
most adequate installation will serve its purpose. This can 
be done by means of the usual switches, but the likelihood is 
that frequently the lights will be off when they should be on, 
resulting in inadequate illumination; at other times they will 
be on when they are not needed, resulting in wasted power. 
Therefore, just as it is logical to control heating equipment by 
thermostats, so it is logical to control lighting equipment by 
automatic devices. This can easily be done. 

Not so many years ago the photoelectric cell was a scientific 
curiosity; today it is an entirely practical electrical device. 
A photoelectric cell is simply a device which generates an 
electric current so long as light falls upon it. In Fig. 30-3 is 
shown a complete photoelectric relay which is mounted on the 
wall of a room with the opening in the device aimed at the 
predetermined area to be lighted and shielded from the direct 
light that comes from the lighting fixtures. When the light 
that enters the opening in the device drops below a given foot- 
candle level, the photoelectric cell actuates a relay which turns 
on the lights. They stay on until the light rises to a pre- 
determined foot-candle level, when the device turns the lights 
out. Both the minimum and maximum foot-candle values at 
which the device is to operate are adjustable. The cost of the 
necessary equipment for such installations is most reasonable, 
and automatic control of lighting is rapidly growing. 

Several sets of automatic control equipment are often 
installed in one room, each controlling a row of lights, so that 
those farthest from the windows come on first, a row in the 
middle of the room next, and the row closest to the windows 
last. In a fairly large classroom with large windows the 
natural illumination on a clear day will be approximately 90 
foot-candles at the row of desks nearest the windows. On the 
opposite side of the room, it will probably be not over 5 foot- 
candles. The need for separate control of separate groups of 
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lights is apparent from Fig. 30-4, which shows clearly how the 
illumination in foot-candles varies as the distance from the 
windows increases. 



General Elec Co. 

} lo 30-4 The foot-eandle level of illumination drops very rapidly as the 
distance from the windo'ws increases 


The exact \\iring diagrams for the installation of the controls 
are provided by the manufacturer, with the controls. Natu- 
rally, the lighting equipment in such installations can still be 
manually controlled by the usual switches. 

Code Requirements for Schools. — For lighting purposes the 
Code requires 3 watts per square foot of area; on that area 
above 15,000 sq ft. a demand factor of 50 per cent may be 
applied Naturally the area is not the area of one floor, but 
the total area of all floors involved. 

To the wattage determined by the area must be added the 
wattage for specific loads other than lighting Take into con- 
sideration any motors that may be in operation, movie equip- 
ment, appliances in the domestic science department, special 
loads that may develop in laboratories, and similar loads. It 
is likely that a calculation based on the 3 watts per square 
foot required by the Code will, after application of the demand 
factor, result in a total wattage insufficient to provide the foot- 
candles suggested above for the various parts of the building 


WIRING SCHOOLS AND CHURCHES 


495 


It will be wise indeed to check the total specific lighting load 
that is to be connected and, if it is greater in watts than the 
figure reached by the first method, to take it into consideration 
in calculating feeders and similar factors. 

Churches. — The Code requires 1 watt per square foot for 
churches. The demand-factor is 100 per cent regardless of 
the size of the installation. 

Proper attention should, however, be given to what may be 
considered good lighting for churches. Illumination below 8 
to 10 foot-candles would in most cases be considered inade- 
quate for the church proper. To provide this level may 
require 4 to 7 watts per square foot, depending on a wide 
assortment of factors such as the reflecting ability of the 
ceiling and walls, the type of fixtures selected, ceiling height, 
and many others. 

In many churches the lighting fixtures in use seem to have 
been designed to conform to the architectural scheme, with 
less thought given to the matter of proper illumination. 
Sometimes flame-color bulbs are used, which may nicely fit 
into a decorative scheme and do reduce glare, but which are 
very low in efficiency as compared with the usual inside- 
frosted bulbs. Often fixtures are selected which use a great 
many small bulbs, and since a dozen 25-watt bulbs consuming 
altogether 300 watts produce only about half the light pro- 
duced by a single 300-watt bulb, the lighting suffers. 

In most churches indirect lighting will be found practical. 
Certainly, if the walls or ceilings are decorated mth paintings, 
no other type of lighting will suffice. Often the beauty and 
magnificence of a church are obscured by poor lighting. As an 
example, see Fig. 30-5, which shows St. Bride’s Church of 
Chicago as it was formerly lighted, and Fig. 30-6, which shows 
the church after the installation of modem lighting. 

Sometimes it may be found desirable to install fixtures which 
have substantial decorative value and which contribute toward 
the decorative and architectural scheme. For that purpose 
fixtures have been designed which outwardly seem to be the 
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Curtis Lighting 

f IQ 30-5 — Ligliting of this t> pe is typical of too many chui ches today 



Curtis Lighting 


I iG 30-6 — The church shown in Fig 30-5 but now equipped with modern 
indirect lighting The beauty and dignity of the church have been brought 
out in full force 
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direct-lighting type; actually concealed within the fixture is 
the more important indirect component which provides the 
greater portion of the total illumination. 

If the circumstances are such that indirect lighting is abso- 
lutely impossible, satisfactory results can be obtained with 
well-designed direct lighting equipment. Figure 30-7 shows 
the Bethlehem Lutheran Church of Chicago with the original 
lighting, and Fig. 30-8 shows this church after the installation 
of modern lighting. 

The nave or auditorium of the church having been properly 
lighted, the fact that in a great majority of all churches the 
sanctuary and the altar constitute the focal point of the wor- 
shipers must not be overlooked. This portion of the church 
should be lighted to a level considerably above that of the rest 
of the church; levels of 20 to 30 foot-candles and above are 
the rule. This illumination is usually provided through the 
medium of spotlights, concealed from the view of the congre- 
gation. This may require a minimum of 1,500 watts upvrard 
to a much higher wattage, depending entirely on the area to 
be illuminated and the intensity desired. Statuary should be 
specially lighted. Each church will present an individual 
problem, and the method of lighting should be left to one well 
versed in the art of church lighting. 

If the church has a choir loft, adequate illumination of a 
minimum of 20 foot-candles should be provided. The organ 
motor may require a special circuit. The heating plant, if it 
is of the oil-burning type, will require a special circuit for the 
motor. Throughout the church, miscellaneous loads also exist. 
Conveniently located receptacle outlets should not be over- 
looked; too often unsightly and dangerous extension cords are 
used to operate fans, pulpit lights, loud-speaking apparatus, 
and similar equipment. Outdoor receptacle outlets are most 
(fesirable for possible decorations during festival seasons. 
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WIRING OFFICES 

An office may consifet of anything from a single room with a 
desk and a chair and an exposed bulb, to a well-appointed 
modern office with really adecjuate lighting, a considerable 
assortment of electrical devices including dictaphones, calcu- 
lating machines, fans, water coolers, and similar equipment 
Accordingly it is difficult to cover the subject adequately in a 
single chapter, and the suggestions here given must of neces- 
sity be general. 

Code Requirements. — The Code reciuires a minimum of 2 
watts per square foot for lighting purposes. In an area of 
more than 20,000 sq. ft., a demand factor of 70 per cent may 
be applied (Sec. 2203a). As usual, the specific loads such as 
appliances or motors must be added to the wattage so obtained. 

It is not likely that the 2 watts per square foot will provide, 
even with the best of lighting equipment, the foot-candles of 
illumination today recommended for modern offices. It sel- 
dom provides as much as 15 foot-candles and usually falls 
lower. The minimum considered should be 20 foot-candles, 
and the alert office manager is beginning to discover that the 
extra cost of equipment that provides 40 or 50 foot-candles or 
more is soon offset by the increased efficiency of the personnel. 
The specific load which is planned, rather than the 2 watts per 
square foot Code minimum, will in all probability determine 
the total wattage. 

Once the wattage and the amperage have been determined, 
feeder sizes and similar data can easily be determined as in 
other cases that have been previously discussed. 

Receptacle Outlets. — Most offices have entirely too feW 
receptacle outlets. Every individual office space, no matter 
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how small, should have a minimum of one outlet; one such 
outlet for each 10 linear feet of wall space is more nearly 
correct. In offices larger than 400 sq. ft. there should be a 
minimum of four for the first 400 sq. ft. of area, and at least 
two additional outlets for each additional 400 sq. ft. of area. 

Special outlets should be provided for fans; receptacles are 
available with a stud or bolt on which the fan is supported, 
making unsightly shelves unnecessary. There should be at 
least two such outlets for every 400 sq. ft. of floor area, and 
they should be located about 7 ft. above floor level. 

Types of Fixtures. — Office work is usually of a continuous 
and exacting nature. Besides a sufficient quantity of light 
there is needed the right kind of lighting — freedom from glare, 
low surface brightness, avoidance of shadows. As in schools, 
the factors that make good lighting must be considered. 

Flexibility. — If a sizable floor area is involved, which will 
accommodate a considerable number of people, it is not likely 
that the original arrangement of the individual office space 
will long remain unchanged. Large office space is often sub- 
divided into many individual offices by movable partitions 
about 7 ft. high. These partitions are shifted as the need 
arises, and, as the individual office spac*es change, the lighting 
equipment must be moved. This is frecjuently accomplished 
by originally providing flush ceiling outlet boxes on which the 
original lighting equipment is installed. When it becomes 
necessary to move this equipment, surface metal raceway of 
the type described in Chap. 25 is used in the way there 
described. Similar material is used to provide receptacle 
outlets for dictaphones and other equipment at the exact point 
needed. 

Signaling Equipment. — In larger offices it will be necessary 
to provide a raceway, usually concealed, for low-voltage wires, 
for telephones, buzzer systems, call systems, and similar pur- 
poses. This raceway, which usually is conduit, must never 
contain wires that are part of the regular electrical system 
operating at the usual voltages. A review of this subject in 
Chap. 24 would be advisable. To bring such low-voltage 
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wires to the individual desks in an office, surface metal race- 
way of the floor type which was shown in Fig. 27-14 in Chap. 27 
is used. 

Control Equipment. — In relatively small offices, a single 
panelboard or fuse cabinet with switches in the individual 
circuits will probably serve the purpose. In larger instal- 
lations it is often necessary to install more elaborate equip- 
ment, so that an entire group of fixtures can be controlled by 
a single switch. Usually in such installations the individual 
fixtures are equipped with pull-chain or wall switches so that 
they asm. be separately controlled. 

Automatic Control. — Modem offices are beginning to use 
photoelectric controls of the type described in the previous 
chapter in connection with school installations. 
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WIRING STORES 

Wiring in stores may vary from a most simple installation 
to a complicated and highly specialized one of the large depart- 
ment-store type. The latter type of installation is entirely 
beyond the scope of this book, which will cover only the small 
to medium type of store. 

Foot-candle Recommendations. — The general illumination 
in the average store in neighborhood locations must be from 
20 foot-candles upward, if a good selling display is to bo 
obtained. In larger cities and in better locations 25 foot- 
candles is considered the minimum. The darker the color of 
the merchandise to be displayed, the higher the level of illumi- 
nation must be. In better stores one is beginning to see 
many installations that well exceed the 25 foot-candle figure 
mentioned. 

Showcases in order to display merchandise to good advan- 
tage require up to 50 foot-candles, and for special displays of 
merchandise 50 to 200 foot-candles is not too much. 

If these levels of illumination at first seem high, remember 
that mediocre lighting may be sufficient to sell the customer 
the things that he has decided to buy before he comes into the 
store. No merchant, however, will be a great success if he 
depends only on that type of business, if he sells only the 
specific things his customers ask for. Good lighting draws 
the customer's attention to the merchandise on display empha- 
sizes the points which lead to a wish for ownership and an urge 
to buy. Additional sales of customers^ wants rather than 
needs will result, and good lighting will prove to be a good 
investment rather than an expense. 

In show windows 50 foot-candles is usually considered a 
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minimum, and in larger cities 100 to 200 foot-candles is not 
unusual. On a dark street a window that is lighted to 50 
foot-candles will appear very bright and well lighted, but if 
the street is itself well lighted, a window with 100 foot-candles 
may appear very ordinary indeed, especially if another window 
next door is provided with a still higher level of illumination 
In order to light a show window to the point where it will 



Curtis Lighting. 

liio 32-1 — Typical bhow -window reflectors designed foi flush mounting 

attract attention in the daytime, it is necessary to provide suf- 
ficient light inside the wiiido\\ to minimize the reflections that 
arise from the natural outdoor light. This requires an unusual 
level of illumination, for 200 to 1,000 foot-candles must be 
provided. 

Code Requirements. — For lighting purposes the Code 
requires a minimum of 3 watts per square foot for the store 
proper; naturally for warehouse space, storerooms, and similar 
locations this is not required. To this must be added the 
further load required for lighting showcases and show win- 
dows. For each linear foot measured horizontally along the 
base, allow 25 watts for ordinary showcases, 50 watts for wall 
cases, and 200 watts for show windows. Regardless of the 
size of the store the demand factor is always 100 per cent; 
in other words no deduction may be made regardless of the 
number of square feet involved 
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As in the case of all other occupancies, specific loads such as 
motors, appliances, and similar equipment must be added. 
The demand for electricity in the average store will certainly 
grow rather than decrease, so it is well to leave a very generous 



Curtis Lighting 

Fig. 32-2 — A batteiy of reflectois of the type shown in lig. 32-1, installed 
in a show window. 

margin for future expansion when figuring service entrance, 
feeders, number of spare circuits on panelboards, and all 
similar factors. Do not overlook probable future load for air 
conditioning. 

Considering the suggestions regarding proper foot-candle 
levels of illumination, it is not likely that 3 watts per square 
foot, plus the special loads for showcases and show windows, 
will be sufficient to provide the illumination needed. Check 
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the actual load, as determined from the foot-candle level 
selected, and the particular fixtures and sizes of bulbs involved 
to determine whether the 3-watt minimum is sufficient or not. 
In accordance with the very general formula shown on page 
452, 6 watts per square foot is the minimum required to pro- 
vide 25 foot-candles of illumination. 




Curtis Lighting, 

Fig. 32-3. — Curtistrip makes a flexible installation ot reflectors and other 
lighting accessories simple. 

T3rpe of Lighting Equipment. — ^For a most modem store 
located in perhaps the most competitive area of a large city, 
there is little choice except to design the lighting system 
specifically to suit the exact size, structure, and layout of the 
building, the type of merchandise sold, the effects desired, and 
many other factors. Only the most general rules can be given 
in a book of this kind, and final selection of the equipment 
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must be left to one competent to analyze the dozens of factors 
involved. 



Curtin Lighting 

J iG .^2-4 — An installation of reflectors in a show window, using Curtistiip 


Sangamo Elec Co, 

Fig 32-5 — Automatic time switches control show-window lights 

For the average store located in a smaller city or in the less 
competitive areas of a larger city, the choice of lighting equip- 
ment will usually lie between the indirect and the combination 
direct-indirect. Certainly exposed bulbs cannot be considered, 
yesterday^s common fixtures consisting of bulbs merely 
enclosed in glass globes are today entirely unsuitable 
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Show-window Lighting. — Since the Code requires 200 watts 
per running foot of show window, obviously a rather elaborate 
installation of reflectors is required. The light source must 
not be visible to the shopper on the street, if good display of 
merchandise is to be obtained. The reflectors may be the 
flush type showm in Fig. 32-1 in cross-section and in Fig. 32^2 
in an actual installation. For the purpose of providing simple 
and flexible installations there is available a ready-made 
channel knovm as Curtistrip, shown in Fig. 32-3. With this 
material it is a simple matter to install reflectors with any 
required spacing. The material provides both a channel for 
the wires and a mechanical support for the reflectors. Figure 
32-1 shows a finished installation. 

A time switch, such as that shown in Fig. 32-5, is very fre- 
quently installed to control the show-window circuit, auto- 
matically turning off the show-window lighting at any desired 
time afte*’ 
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WIRING MISCELLANEOUS OCCUPANCIES 

In determining the service entrance, feeders, panelboards, 
and switchboards for any type of occupancy, it is necessary 
only to estimate the lighting load, to which must be added the 
appliance load, if any, and the motor load. The Code in 
Sec. 2203a (see Appendix) specifies the watts per square foot 
that must be allowed for the lighting load. The calculation 
then is relatively simple. 

For such factors as are not covered by Sec. 2203a, the load 
must be estimated from the specifications. Do not overlook 
future loads, including air conditioning. 

Factories. — It is impossible to specify the power that will 
be required for lighting purposes without knowing exactly 
what kind of project is involved. A factory may be anything 
from a foundry where 5 foot-candles might be considered good 
lighting to a watchmaking establishment where 50 foot-candles 
would be considered too little. Furthermore, the complete 
establishment must be broken down into smaller portions. 
The lighting in the boiler room need not be so good as that in 
the office. In very few cases, however, will less than 10 foot- 
candles be considered ample. 

The motor load can be determined from the specification of 
the building. The demand factor that is to be used with the 
motors will depend entirely upon the type of installation 
involved, and good common sense will be far more valuable 
than any number of printed pages in a book. 

Theaters. — The Code in Art. 520 outlines the requirements 
for electrical installations in theaters, which are defined as 
buildings, or parts of buildings, designed, intended or used 
for dramatic, operatic, motion picture or other shows.^' The 
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Code requirements are rigid and severe, but simply covered 
in Art. 520, which should be studied in detail by all those who 
intend to design or install an electrical installation in a theater. 
Only the simplest requirements can be here covered. 

If there are over 100 seats, the wiring must be in conduit, 
and an emergency lighting system must be installed, as will 
be covered later. The projector must be approved by the 
Underwriters, and the circuit serving it must be No. 8, or 
larger if required by the specific load. 

If the theater is equipped for sound, the wiring for the 
sound system must be considered as an entirely separate sys- 
tem, and its wires must not run through the raceways con- 
taining the usual wiring for light and power. 

Receptacles for portable arc lamps must have a rated 
capacity of at least 35 amp. and must be wired with No. 6 
or larger wire. Receptacles for portable incandescent lamps 
may be rated as little as 15 amp. but must be wired with 
No. 12 or heavier wire. All portable cord must be heavy- 
duty type such as Type S or K. 

In dressing rooms, receptacle outlets or pendant lamps are 
not permitted. Installation of receptacles naturally leads to 
the use of flatirons, heaters, and similar devices, which experi- 
ence has shown leads to fires. Their use should not be per- 
mitted in dressing rooms. 

Emergency Lighting System. — In any theater that has 
more than 100 seats, an emergency lighting system is required. 
The emergency system includes all those lights which are 
normally left on during a performance, and the object is to 
enable the occupants of the building to be able to see their 
way to get out of the building in an emergency. 

The Code has some definite requirements as to the method 
of installation of such an emergency system. These require- 
ments apply not only in the case of theaters, where the Code 
definitely requires an emergency system, but also in other cases 
where local (^des require that such a system be installed. 
There are a number of different ways in which the Code 
requirements for emergency lighting systems can be fulfilled. 
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The simplest is perhaps one involving two separate service 
entrances to the building, preferably from two separate power 
lines, or from two separate transformers on the same line, or 
even two' separate service entrances from the same transformer, 
but entering the building as widely separated as possible. One 
entrance would normally carry the entire normal load, and the 
second would carry the emergency system. 

An alternative consists of the regular service, plus a storage- 
battery system which must be of sufficient capacity to operate 
the emergency circuits not less than 30 min. at not less than 
91 per cent of the full normal voltage of the circuit in question. 
This does not mean that, if the regular service is 115 volts, 
the storage battery must also be the 115-volt type. The 
emergency system might be equipped with 12-volt bulbs or 
32-volt bulbs, and the battery need be only of sufficient 
capacity to maintain 91 per cent of that voltage for not less 
than 30 min. A popular emergency system of this kind is 
available incorporating a 12-volt battery with automatic 
charging equipment so that the batteries are maintained in a 
fully charged condition. The battery must be of the sealed- 
glass-jar type. In case the voltage of the emergency system 
is lower than the regular voltage, spe(;ial attention must be 
given to the right wire size for that voltage. 

The third method of providing power for emergency lighting 
is the usual service for the usual load, plus a gasoline-engine- 
driven generator for the emergency load. The generator 
system incorporates a low- voltage battery, usually a 12- volt 
automobile battery, which automatically starts the plant in 
case of emergency need. Such plants frequently are used, not 
only to operate those emergency lights required by Code or 
law, but also additional lights sufficient to permit carrying on 
the regular business of the establishment during emergencies. 
A typical plant of this kind is shown in Fig. 33-1. This par- 
ticular plant delivers 1,000 watts of single-phase 60-cycle 
115-volt alternating current. Modern plants *of this type 
maintain correct voltage and frequency up to the rated 
capacity of the plant, which may be up to 35,000 watts. 
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Regardless of the system used, an automatic transfer switch 
must be provided so that, if for any reason power is not avail- 
able from the regular source, the emergency lighting circuit is 
immediately thrown over to the emergency power source. 
Ordinarily the emergency circuit is operated from the regular 
service, and it is operated from the emergency source only in 



D, W, Onan & Sons. 

Fig. 33-1. — A typical gas-engine emergency light plant. The unit shown 
starts automatically upon failure of the regular service and develops 1 16-volt 
60-cycle alternating current, 

the case of actual emergency. Naturally, common sense dic- 
tates that it be frequently tested. 

The requirements outlined above apply when the emergency 
system is required by Code. When such a system is installed 
but not required, the system needs to comply only with the 
general requirements of the Code. 

Signs. — The switch that controls a sign must open all 
ungrounded wires to the sign and must be located within sight 
of the sign, unless it is a type that can be locked in the off 
position. Obviously this provision is intended to protect 
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people working on the sign. All controls including flashers 
must be enclosed in metal cases. 

All signs must be grounded, except that they may be com- 
pletely insulated from the ground if ‘inaccessible to unauthor- 
ized persons.” The maximum current permitted is 15 amp. 
per circuit. 

The wiring in signs may be open wiring on insulators, in 
conduit, or in troughs formed by the construction of the sign, 
or armored cable. Wires must be of the lead-covered type, 
unless the wire is in conduit, so arranged as to be raintight 
and to drain in case moisture gets inside. The wiring may 
be no lighter than No. 14 and, in the case of those signs oper- 
ating in excess of 600 volts, which includes all neon signs, must 
be selected with an insulation heavy enough for the voltage 
involved. 

Signal Systems. — Ordinary installations for the operation 
of doorbells, door openers, buzzers, telephones, call systems, 
and the like are classified by the Code into four groups, as 
follows: 

A Those limited to not over 15 volts, 5 amp. 

B Those limited to 15 to 30 volts, 3 amp 

r Those limited to 30 to 60 volts, 1 ^ i amp 

D. Those operating at more than 60 volts, 1 amp 

The usual source of power for these signal systems is a small 
transformer so designed that, even if the secondaiy is short- 
circuited, it will deliver not more than the ampeiagc's shown 
above at various voltages. In that case no fuses or otjier 
overcurrent protection is required. If, however, a source of 
power is used which is capable of delivering an amperage 
greater than specified, then overcurrent protection of a rating 
not heavier than the maximum amperage permitted for a 
signal system of the voltage involved must be used. The 
maximum capacity of any transformer used for the purpose is 
100 volt-amp. If a primary battery (any battery other than 
a storage battery) is used, no fuses are required. 

Class D systems, operating at a potential in excess of 60 
volts, require, in addition to the 1-amp. fuse, a further current- 
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limiting device which will limit the power, in case of a fault, 
to 150 .watts. Since such circuits usually consist of telephone 
systems, the manufacturer of the equipment should include 
what is required. 

Hazardous Locations. — location may be considered haz- 
ardous for a variety of reasons. If explosive vapors, such as 
those formed by gasoline, lacquers, or other similar volatile 
products, are present, obviously an explosion hazard exists. 
The same is true where explosive dusts such as coal or grain 
dusts are present, as also is the case where there is a con- 
siderable amount of easily ignitable fibers such as in a cotton 
mill. 

Such materials can easily cause an explosion if ignited by 
electrical sparks caused by switches, motors, or pulling a plug 
out of a receptacle. 

In such locations only conduit may be used for wiring. 
Ordinary outlet boxes may not be used, and special cast 
fittings which enclose all wures, switches, and similar devices 
are required. The purpose of these explosion-proof fittings is 
not to prevent explosive gasses from reaching the device, for 
that has been found impossible, but rather to enclose all such 
devices in fittings sufficiently sturdy so as not to be harmed 
by an explosion, and to confine the explosion to the interior 
of the fittings. In other words the small amounts of explosive 
vapors that do find their way into these fittings do explode 
occasionally, but the explosion stays inside, not getting out 
where it might set off a major explosion in a room filled with 
an explosive mixture. 

Instead of outlet boxes, explosion-proof conduit fittings are 
required, similar to that shown in Fig. 33-2. The hubs on 
these fittings must engage at least five full threads of conduit. 
The covers are either screwed on with a sufficient number of 
threads engaged to make them explosion-proof or have a 
machined fit with a tolerance of 0.002 in. and at least % in. 
wide, either of which experience has shown will confine the 
explosion. For switches, use a Type FS conduit fitting which 
was shown in Fig. 27-2, but of the explosion-proof type. 
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Where portable devices must be used, special types of explo- 
sion-proof outlet and plug are required Both are shown in 
Fig. 33-3, and the combination is so designed that with the 



Fig 33-2 — A typical explobion- 
proof fitting 



Russell & Stoll Mfg Co 

1 IQ 33-3 — For portable devices 
used in hazardous locations, an 
explosion-proof fitting of this t\pe 
is used 




.HOOD TAPPO) 

^2 OR^^ilNCH STANDARD 

ONE-PIECE 
PORCELAIN SOCKET 

WITH FORMED ON 

METAL GASKET 


ATTACHABLE 
PORCELAIN ENAMEL 
STEEL REFLECTOa 


Benjcuntn Elec Mfg, Co, 


Fig 33-4. — An explosion-proof fixture 


first pull the plug can be withdrawn only a part of the way. 
This breaks the connection, and an arc, if it forms, will 
explode the small amount of vapor present in the interior. 
This takes place during the brief period of time required to 
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give the plug the twist that is necessary before it can be com- 
pletely withdrawn. 

Fixtures of the explosion-proof type are designed so that the 
bulb is enclosed in a sturdy glass globe. A typical unit of this 
type is shown in Fig. 33-4. 

If such fittings are used by themselves, there will still be 
substantial enclosures for explosive vapor in the 
various lengths of conduit that connect one 
fitting to another. Therefore each device that is 
likely to cause a spark, which in turn might 
cause an explosion, is installed in a fitting with a 
pocket into which sealing compound is poured, 
thus effectively sealing off the device within the yiq. 33 - 5 . 
fitting. A separate fitting of the type shown By pouring 
in Fig. 33-5 may be used instead to seal off the poumf inSfa 
device in question. fitting of this 

Code Classifications. — In its treatment of 
hazardous locations, the 1947 Code at first glance pause an ex- 
appears to be very complicated, but careful soared off 
analysis reduces it to fairly simple proportions, from a run of 
perhaps easier to understand than the 1940 Code, 
although the subject is covered more fully. The entire sub- 
ject, however, is in no sense of the word a simple one, and 
careful study is required to understand it. 

The Code divides different kinds of explosive atmospheres 
into two classes, each subdivided into three or four groups. 

The Code divides different types of locations into three 
classes, each subdivided into two divisions. 

It is unfortunate that the word class was adopted for both 
atmospheres and locations; had the word type or a similar one 
been chosen for one or the other, a clear understanding might 
have been easier. When speaking of Class 1, be sure to indi- 
cate clearly whether a Class 1 atmosphere or location is under 
discussion. 

Types of Hazardous Atmospheres. — The Code classifies 
hazardous atmospheres into classes and groups as follows: 

Class 1, Group A: Atmospheres containing acetylene. 
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Class 1, Group B: Atmospheres containing hydrogen or gases or vapors 
of equivalent hazard such as manufactured gas. 

Class 1, Group C: Atmospheres containing ethyl ether vapor. 

Class 1, Group D: Atmospheres containing gasoline, petroleum, naptha, 
alcohols, acetone, lacquer solvent vapors, and natural gas. 

Class 2, Group E: Atmospheres containing metal dust. 

Class 2, Group F: Atmospheres containing carbon black, coal, or coke 
dust. 

Class 2, Group G: Atmospheres containing grain dust. 

Types of Hazardous Locations. — The various kinds of 
hazardous locations are defined in the Code as follows: 

Class 1, Div. 1.- -Locations in which explosive gases or vapors may be 
regularly expected (periodically, intermittently or continuously) under 
normal operating conditions. Examples: spray booths; locations with 
open tanks or vats of volatile inflammable litjuids; drying rooms or com- 
partments for evaporation of inflammable solvents; portions of cleaning 
and dyeing rooms where inflammable liquids are used; many similar 
locations. 

Class 1, Div. 2. — Locations similar to Class 1, Div. 1, except that the 
explosive conditions are not present under normal operating conditions, 
blit only under abnormal conditions such as exist during a period of 
breakdown. Details such as the amount of hazardous material that 
might escape in case of accident, the efficiency of the ventilating system, 
and similar factors will determine whether the location in question falls 
into Div. 1 or Div. 2. The local inspector is the judge. 

Class 2, Div. 1. — ^Locations where combustible and explosive dust 
may bo regularly expected (periodically, intermittently or continuously) 
under nonruil operating conditions. Examples: grain handling and stor- 
age plants; flour mills; starch plants. 

Class 2, Div. 2. — ^Locations similar to Class 2, Div. 1, except that the 
explosive conditions are not present mider normal operating conditions, 
but onlj^ under abnormal conditions such as exist during breakdown. 

Class 3, Div. 1. — Locations where ignitable fibers or combustible flyings 
arc handled, manufactured, or used. Examples: rayon, cotton, and 
similar textile mills; clothing manufacturing establishments; woodwork- 
ing plants. 

Class 3, Div. 2. — Locations where such materials are stored or handled. 

Wiring in Hazardous Locations. — The subject of wiring in 
hazardous locations is a most important one, in which experi- 
ence, good judgment, and horse sense all weigh heavily. 
The entire subject is much too complicated and too important 
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to be completely covered by the scope of this book. There- 
fore the discussion here given as to atmospheres and locations, 
and the wiring methods shown, should be considered only in 
very general terms, and layouts and installations involving 
hazardous locations should be undertaken only by those 
entirely conversant with the subject. The electrical inspector 
should be freely consulted. 

Garages. — Residential garages designed to hold six cars or 
less are not considered hazardous locations, with the reser- 
vation that all wiring must be kept 4 ft. or more above floor 
level (gasoline vapors are heavier than air and tend to settle 
toward the ground). Therefore the wiring system for a 
household garage may be any system acceptable for the house 
proper. 

With the exceptions above, certain provisions have been 
set up for garages, which term in addition to covering com- 
mercial garages also includes airplane hangars, gasoline service 
stations, and locations where service is rendered on this type 
of equipment. 

In general, any outlet located 4 ft. or more above the floor 
may be A\ired with any wiring method otherwise acceptable, 
except that if the device in question is arc producing (switches, 
receptacles, sockets, motors, etc.) it must have all openings 
guarded or screened to prevent hot particles caused by the arc 
from falling to the floor. If the outlet or the equipment is 
within 4 ft. of the floor, it must be wired like a Class 2, Div. 2 
location. Equipment located in a showroom or similar loca- 
tion, separated from the garage proper by a partition, is not 
included under this requirement. This includes offices, sales- 
rooms, compressor rooms, and similar locations, provided only 
that they are cut off from the garage proper by a partition. 

Filling Stations. — The wiring to the island on which gasoline- 
dispensing pumps are found must be in rigid conduit and all 
fittings within 4 ft. of the ground level must be of the explosion- 
proof type. A sealing fitting must be installed where, the 
conduit enters the pump or other equipment on the island. 
If the insulation on the wires is rubber or some other type 
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which would be affected by gasoline spilled on it, the wires 
must be in lead-sheathed cable. (It will be well to remember 
that the insulation designated as Type SN in the 1940 Code, 
or Type T in the 1947 Code, is in most cases not affected by 
gasoline. To be on the safe side, select a wire of this type 
which although not marked “Type T,” looks just like Type T 
and bears an Underwriters’ label marked “Approved for use 
in presence of oil.”) All circuits feeding dispensing pumps 
on pump islands must be controlled by switches that dis- 
connect every wire, including the neutral (which however does 
not change the requirement that there must be no fuse in the 
neutral wire); if a circuit breaker is used, it must break all 
wires simultaneously. 

Motors in Hazardous Locations. — ^All motors for use in 
hazardous locations must be of the explosion-proof type. 
Obviously such motors can have no opening into the motor 
but must be totally enclosed and also con.structed with 
extremely close tolerances on the mechanical fit of all parts. 

Paint-spray Booths. — No electrical devices of any kind are 
permitted within the booth. Here there is danger of an explo- 
sion not only from sparks, but also by vapors present, which 
may explode upon contact with the relatively high tempera- 
tures found on lamp bulbs and similar devices under ordinary 
operating conditions. 



APPENDIX 


This Appendix contains tables quoted from the 1947 National 
Electrical Code.* A number of the tables shown in the Code 
are not repeated here because they refer to subjects beyond 
the scope of this book. Portions of certain tables have been 
omitted for the same reason. 

On the other hand, certain sections of the Code are most 
important and specific, for which reason they are here included 
in full. 

The Code usually contains some specific '^examples” illus- 
trating the application of Code requirements. Such examples 
were prepared for the 1947 Code but were omitted from the 
Code because of lack of space. They are included in this 
Appendix. 

* Every student is urged to read the National Electrical Code. A 
copy may be obtained by sending 15 cts. to the National Board of Fire 
Underwriters, 85 John St., New York 7, N. Y., or 222 W. Adams St., 
Chicago 6, 111., or Merchants Exchange Building, San Francisco 4, Calif. 
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Table 1. — Allowable Current-carrying Capacities of Conductors 


IN Amperes 

Not More Than Three Conductors in Raceway or Cable 
(Based on Room Temperature of 30°C., 86°F.) 


Siasc 

A.W.G. 

M.C.M. 

Rubber 
Type R 
Type RW 
Type RU 
(14-6) 

Rubber 
Type RH 

Paper 

Thermo- 
plastic 
asbestos < 
Type TA 

Asbestos 
var-cam 
Type AVA 
Type AVL 

Impreg- 
nated 
asbest^ 
Type A1 
(14-8) 
Type AIA 

Asbestos 
Type A 
(14-8) 
Tyi)e AA 

Thermo- 
plastic 
Type T 
(14-4/0) 
Type TW 
(14-4/0) 

Var-cam 

Type 

Asbestos 
var-cam 
Type AVB 

14 

15 

15 

25 

30 

30 

30 

12 

20 

20 

30 

35 

40 

40 

10 

30 

30 

40 

45 

50 

55 

8 

40 

45 

50 

60 

65 

70 

6 

55 

65 

70 

80 

85 

95 

4 

70 

85 

90 

105 

115 

120 

3 

80 

100 

105 

120 

130 

145 

2 

95 

115 

120 

135 

145 

165 

1 

110 

130 

140 

• 160 

170 

190 

0 

125 

150 

155 

190 

200 

225 

00 

145 

175 

185 

215 

230 

250 

000 

105 

200 

210 

245 

265 

285 

0000 

195 

230 

235 

275 

310 

340 

250 

215 

255 

270 

315 

335 


300 

240 

285 

300 

345 

380 


350 

200 

310 

325 

390 

420 


400 

280 

335 

360 

420 

450 


500 

320 

380 1 

405 

470 

500 


600 

355 

420 

455 

525 

545 


700 

385 

460 

490 

560 

GOO 


750 

400 

475 

500 

580 

020 


800 

410 

490 

515 

600 

640 


900 

435 

520 

555 




1,000 

455 

545 

585 

680 

730 


1 , 250 

495 

590 

645 




1,500 

520 

625 

700 

00 



1,750 

545 

650 

735 




2,000 

500 

665 

775 

840 




Correction Factor for Room Temperatures over 30°('., 86°F 


°C. 

40 

°F. 

104 

0.82 

0.88 

0.90 

0.94 

0.95 


45 

113 

0 71 

0.82 

0.85 

0.90 

0.92 


50 

122 

0.58 

0.75 

0.80 

0.87 

0.89 


55 

131 

0.41 

0.67 

0.74 

0.83 

0.86 


60 

140 


0.58 

0.67 

0.79 

0.83 

0.91 

70 

158 


0.35 

0.52 

0.71 

0.76 

0.87 

75 

167 



0.43 

0.66 

0.72 

0.86 

80 

176 



0.30 

0.61 

0.69 

0.84 

90 

194 




0.50 

0.61 

0.80 

100 

212 





0.51 

0.77 

120 

248 






0.69 

140 

284 






0.59 


See notes on pa^e 522. 
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Tablk 2. — Allowable Current-caiieying Capacities of Conductors 

IN Amperes 

Single Conductor in Free Air 
(Based on Room Temperature of 30°C., 86°F.) 









\ 
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For explanation of Type Letters, and for recognized size of conductors for the various 
conductor insulations, see Code Secs. 3102 and 93101. For installation requirements, 
see Code Sec. 3102, and the various articles of this code. 

1. Aluminum Conductors. For aluminum conductors, the allowable current- 
carr 3 dng capacities shall be taken as 84 per cent of those given in the table for the respec- 
tive sizes of copper conductor with the same kind of insulation. 

2. Bare Conductors. If bare conductors are used with insulated conductors, their 
allowable current-carrying capacity shall be limited to that permitted for the insulated 
conductor with which they are used. 

8. Application of Table. For open wiring on insulatois and for concealed knob-and- 
tube work, the allowable current-carrying capacities of Table 2 shall be used. For all 
other recognized wiring methods, the allowaole cuiient-cairymg capacities of Table 1 
shall be used, unless otnerwise provided in this code. 

i. More Than Three Conductors in a Raceway. Table 1 gives the allowable current- 
carrying capacity for not more than three conductors in a raceway or cable. If the 
number of conductors in a raceway or cable is from 4 to 6, the allowable cui rent-carrying 
capacity of each conductor shall be reduced to 80 per cent of the values in Table 1. If 
the number of conductors in a raceway or cable is from 7 to 9, the allowable current- 
carrying capacity of each conductor shall be reduced to 70 per cent of the values in 
Table 1. 

6. Neutral Conductor. A neutral conductor which carries only the unbalanced 
current from other conductors, as in the case of normally balanced circuits of three or 
more conductors, shall not be counted in determining curient-cariying capacities as 
provided foi in the preceding paragraph. 

In a 3- wire circuit consisting of two phase wires and the neutral of a 4- wire, 3-phase 
system, a common conductor carries approximately the same current as the other con- 
ductors and is not therefore considered as a neutral conductor. 

6. Ultimate Insulation Temperature. In no case shall conductors be associated 
together in such a way with respect to the kind of circuit, the wiling method employed, 
or the number of conductors, that the limiting temperature of the conductors will be 
exceeded. 

7. Use of Conductors with Higher Operating Temperatures. If the room tempera- 
ture is within 10 degrees C of the maximum allowable operating temperature of the 
insulation, it is desirable to use an insulation with a higher maximum allowable operating 
temperature; although insulation can be used in a room temperature approaching its 
maximum allowable operating temperature limit if the current is reduced in accordance 
with the table of correction factors for different room temperatures. 

8. Voltage Drop. The allowable current-carrying capacities in Tables 1 and 2 are 
based on temperature alone and do not take voltage drop into consideration. 

9. Overcurrent Protection. If the standard ratings and settings of overciiirent 
devices do not correspond with the ratings and settings allowed for conductors, the next 
higher standard rating and setting may be used, but not exceeding 160 per cent of the 
allowable carrying capacity of the conductor. 

10. Deterioration of Insulation.^ It should be noted that even the best grades of 
rubber insulation will deteriorate in time, so eventually will need to be replaced. 
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Table 3. — Allowable Current-carrying Capacity of Flexible Cord 
AND Fixture Wire in Amperes 
(Based on Room Temperature of 30®C., 86®F.) 

See Code Sec. 4008 and Table 31 


Flexible cord 

Fixture wire 


Rubber 

and 

cotton 

Types 

CT, 

CTJ 


Rubber 





Thermo- 


Rubber 

Types 



Cotton 


plastic 


Types 

S, SO, 



Types 

Rubber 

Types 


PO, C, 

SJ. 



CFG* 


TF 


PD. P. 

RJO, I 



CFPO* 


TFF 


PWP, 

sv. 

Types 


CFPD* 



Size 

K, E, 
EO 

POSJ 

AFS, 

AFSJ, 

Types 

AVPO 



Cotton 







A W O. 




HC, 

AVPD 


Types 

Type 


Rubber 

and 


Thermo- 

HPD, 



CF* 



plastic 

Types 

HSJ 


Asbestos] 

Types 

RF.64 

RF-32 



asbestos 

Types 

AT, 

ATJ 






Armored 

ST, 



AFC* 

FF4B4 



Type 

SJT, 



AFPO* 

FF-32 

Asbestos 


CA 

SVT, 



AFPD* ! 


Type 



POT 





AF* 

27t 

0 5 








18 


5 

7 

10 

17 

() 

5 


17 




12 



1 


lb 


7 

10 

1 

-- 

8 

7 

8 

ITi 

14 



15 

17 

20 

28 

1 

17 


i; 

12 


20 

20 


36 




10 


25 

25 


47 




8 


35 







6 


45 







4 


60 







2 


80 








* These types are used almost exclusively in fixtures where they are exposed to high 
temperatures and ampere ratings aie assigned accordingly, 
t Tinsel cord. 


More Than Three Conductors in a Cord. Table 3 gives the allowable 
current-carrying capacities for not more than three current-carrying 
conductors in a cord. If the number of current-carrying conductors in a 
cord is from four to six the allowable current-carrying capacity of each 
conductor shall be reduced to 80 per cent of the values in the table. 





524 


PRACTICAL ELECTRICAL WIRING 


Table 4. — Number of Conductors in Conduit or Tubincj 
Rubber-covered, Types RF-32, R, RH, RW, and RU 
Thermoplastic, Types TF, T, and TW 
One to Nine Conductors 

(For more than nine conductors see Table 9. See Code Secs. 3013, 3466, 

and 3486) 

Size Number of conductors in one conduit oi tulnng 


A. W Ai. 

M.C.M. 

1 

2 

3 

4 

5 

G 

7 

8 

9 

18 

? 2 


I 2 

>2 

12 

*i 

3i 

K 

K 

1« 

h 

32 

12 

K 

H 

32 

K 

K 

K 

14 

12 

>2 

I 2 

>2 

K 

K 

1 

1 

1 

12 

h 

>2 

>2 

K 

K 

1 

1 

1 

IK 

10 

h 

H 

K 

H 

1 

1 

1 

IK 

IK 

8 


U 

H 

1 

134 

iK 

IK 

IK 

IK 

6 

I 2 

1 

1 

IK 

IK 

1*2 


2 

2 

4 

H 

m 

*1K 

iK 

IK 

2 

2 

2 

2*2 

3 

H 

cu 

IK 

IK 

2 

2 

2 

2).ji 

2 K 

2 

H 

IK 

IK 

2 

! 2 

2 

2>2 

2K 

2*2 

1 


IK 

IK 

2 

2K 

2 K 

2K 

3 

3 

0 

1 

132 

2 

2 

2*2 

232 

3 

3 

3 

00 

1 

2 

2 

2K 

2K 

3 

3 

3 

3K 

000 

i 

2 

2 

2 K 

3 

3 

3 

3K 

3K 

0000 

1J4 

2 

2 K 

3 

3 

3 

3K 

3K 

4 

250,000 

1*4 

2*2 

2 *'2 

3 

3 

3*2 

4 

4 

4*2 

300,000 

1*4 

2 K 

2K 

3 

3*-2 

1 

' 1 

132 

4‘, 

350,000 

1‘'4 

3 

3 

3K 

3*. 

•1 


4*^ 

5 

400,000 

1*'^2 

3 

3 

3K 

4 

4 

4', 

5 

5 

500,000 

1 

3 

3 

3K 

4 

4 */2 

rj 


b 

000,000 

2 

3*2 

3K 

4 

4K 


0 

6 

0 

700,000 

2 

3>2 

3K 

4K 

5 

5 

G 

6 


750.000 

2 

3H 

3K 

4K 

5 

(i 

G 

0 


800,000 

2 

33'2 

4 

4K 

5 

G 

6 



900,000 

2 

4 

4 

.> 

6 

6 

6 



1,000,000 

2 

4 

4 

5 

6 





1,250,000 

2 1 ' *2 

4>.i 

4K 

6 

6 





1,500,000 

3 

5 

5 

6 






1,750,000 

3 

5 

6 

6 






2,000,000 

3 

6 

6 








See Note 4 to Tables 1 and page 622. 

* Where a service run of conduit or electrical metallic tubing does not exceed 50 feet 
in length and does not contain more than the equivalent of two quarter bends- from end 
to end two No. 4 insulated and one No. 4 bare conductors may be installed in 1-inch 
conduit or tubing. 
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Tables 4 to 11. Tables 4 to 11 apply only to complete conduit sys- 
tems, and do not apply to short sections of conduit used for the protection 
of exposed wiring from mechanical injury. 

Table 5. — Number of Conductors in Conduit or Tubing 
Lead-covered Types RL and RHL, 600 Volts 
(See Code Secs. 3466 and 3486) 


Number of conductors in one conduit or tubing 


Size 

A.W.G. 

M.C.M. 

Single-conductor 

cable 

2-conductor 

cable 

3-conductor 

cable 


1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

14 


K 


1 

K 

1 

1 

IK 

K 

IK 

132 

13^ 

12 

>2 

K 

K 

1 

K 

1 

IK 

I3i 

1 

I3i 

13^ 

2 

10 


K 

1 

1 

K 

IK 

I3i 

132 

1 

132 

2 

2 

8 

hi 

1 

IK 

IK 

1 

IH 

13^ 

2 

1 

2 

2 

232 

6 

n 

33i 

132 

IK 

IH 

132 

2 

23^ 

IK 

232 

3 

3 

4 

h 

IK 

IK 

IK 

I3i 

2 

232 

2h 

132 

3 

3 

332 

3 


IK 

J-hl 

2 

VA 

2 

23^ 

3 

IK 

3 

3 

33^ 

2 

1 

IK 

Ihl 

2 

IK 

2 

2K 

3 

IK 

3 

332 

4 

1 

1 

IK 

2 

2 

13^ 

232 

3 

3K 

2 

3h 

4 

4K 

0 

1 

2 

2 

232 

2 

232 

3 

332 

2 

4 

432 

5 

00 

1 

2 

2 

232 

2 

3 

332 

4 

2V2 

4 

4h 

5 

000 

IK 

2 

2K 

232' 

2 

3 

3K 

4 

232 

4)2 

432 

G 

0000 

IK 

2K 

2K 

3 

232 

3 

332 

43'2 

3 

5 

6 

6 

250 , 000 

IK 

2K 

3 

3 





3 

6 

G 


300,000 

iH 

3 

3 

3K 





332 

G 

G 


350,000 

IK 

3 

3 

332 





3K 

G 

6 


400,000 

IK 

3 

3 

3K 





332 

I G 

G 


500,000 

132 

3 

1 

33'2 

4 





4 




000,000 

2 

332 

4 

432 









700,000 

2 

4 

4 

5 









750.000 

2 

4 

4 

5 









800,000 

2 

4 

4K 

5 









900,000 

232 

4 

4K 

5 









1 ,000,000 

2hl 

4K 

432 

0 


i 







1,250,000 

3 

5 

5 

6 









1,500,000 

3 

5 

G 

6 









1,750,000 

3 

6 

6 










2,000,000 

3>3 

6 

I 6 

1 











The above sizes apply to straight runs or with non)inal offsets equivalent to not more 
than two quarter-bends. 

See Code Sec. 3470 for bends in conduit. 
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Tables 6, 7, 8. The 1947 Code does not have tables numbered 6, 7, 
or 8. 

Table 9. — ^Number of Conductors in Conduit or Tubing 
More Than Nine Conductors 
Rubber-covered Types RF-32, R, RH, RW, RU, 
Thermoplastic Types TF, T, and TW 
When Specially Permitted by This Code* 

* (See Code Sec. 3012) 


Maximum number of conductors in conduit or tubing; 


A.W.G. 

M 

inch 

1 

inch 

IK 

inch 

IK 

inch 

2 

inch 

2K 

inch 

3 

inch 

18 

12 

20 

35 

49 

80 

115 

176 

16 

10 

17 

30 

41 

68 

97 

150 

14 


10 

18 

25 

40 

59 

90 

12 

. , 


15 

21 

35 

50 

77 

10 



13 

17 

29 

41 

64 

8 

. , 



10 

17 

25 

38 

6 






15 

23 


* More than nine conductois are pcrraitted in a single conduit for conductors between 
a motor and its controller; stage pocket and bordei circuits, Code Sec. 5212; sign flashers, 
Code Sec 0021-4; elevatoi control conductors. Code Sec. 0214 


Table 10. The 1947 Code does not have a Table 10. 
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Table 11.— Combination of Conductors 
(See Code Secs. 3466 and 3486) 

For groups or combinations of conductors not included in the Tables 4 
to 9, it is recommended that the conduit or tubing be of such size that 
the sum of the cross-sectional areas of the individual conductors will not 
be more than the percentage of the interior cross-sectional area of the 
conduct or tubing than as shown in the following table: ^ 

Per Cent Area of Conduit or Tubing 


Number of conductors 



1 

2 

3 

4 

Over 

4 

Conductors (not lead-covered) 

53 

31 

43 

40 

40 

Lead-covered conductors 

55 

30 

40 

38 

35 

For rewiring existing raceways for increased 
load where it is impracticable to increase 
the size of the raceway due to structural 
conditions 

60 

40 

50 

50 

50 



For carrying capacity of more than three conductors in a conduit or tubing, see 
Tables 1 and 2 , Note 4. 

See Note to Table 13 for size of conduit or tubing for combinations of conductors not 
included in Table 4. 

See Tables 12 to 19 for dimensions of conductors, conduit and tubing. 

Tables 12 to 17. Tables 12 to 17 give the nominal size of conductors 
and conduit or tubing recommended for use in computing size of conduit 
or tubing for various combinations of conductors. The dimensions 
represent average conditions only, and while variations will be found in 
dimensions of conductors and conduits of different manufacture, these 
variations will not affect the computation. 





Table 12. — Dimensions and Per Cent Area of Conduit and Tubing ^ 
Areas of Conduit or Tubing for the Combinations of Wires Permitted by Table 11 
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Area, square inches 

Lead-covered 

Over 

4 cond. 

* 35 per 
cent 

^-lOaOCOrH QOOOQOI> m 

OOOOO 

rH 

4 cond. 
38 per 
cent 

^OC0l>00 OOC^OO COCOQOO 

r-iC^COiOI> C^OOOOt^ OOOOOi 

OOOOO r-IrHMCO 'd^cdl>d 

rH 

3 cond. 
40 per 
cent 

C<I»-<tHOC< 1 0 OiOOOCO 

r-tNCOCDOO COOOiO OCOO^ 

OOOOO rH»HCvicO dcDOO^ ' 

1 

2 cond. 
30 per 
cent 

0.09 

0.16 

0.26 

0.45 

0.61 

1.01 

1.44 

2.21 

2.97 

3.82 

4.78 

6.00 

8.67 

1 cond. 
55 per 
cent 

0.17 

0.29 

0.47 

0.83 

1.12 

1.85 

2.63 

4.06 

5.44 

7.00 

8.77 

11.00 

15.89 

Not lead-covered 

4 cond. 
and over 
40 per 
cent 

OOOOO 

rHc^eoooo OOOOO OOOOO 

OOOOO ICOQO^ 

rH 

3 cond. 
43 per 
cent 

C000r»*000 rtlO!>0 1>*COOW 1 

i-hOICOcDOO -^Or-ic^ rt^OOcOTjH 

OOOOO t-hC<ICO'^ lOOQOCVI 1 

2 cond. 
31 per 
cent 

0.09 

0,16 

0.27 

0.47 

0.63 

1.04 

1.48 

2.29 

3.07 

3.94 

4.94 
6.20 
8.96 

1 cond. 
53 per 
cent 

0.16 

0.28 

0.46 

0.80 

1.08 

1.78 

2.54 

3.91 

5.25 

6.74 

8.45 

10.60 

15.31 

Total 
100 per 
cent 

OCOCOOtJ^ OOOOO CSIOOO 

coooooo COI>COO b-OOOO 

ooorHcsi coTt<t^o cvi»odoo 

^ N N 

Internal 

diameter, 

inches 

0.622 

0.824 

1.049 

1.380 

1.610 

2.067 
2.469 

3.068 
3.548 

4.026 

4.506 

5.047 

6.065 

Trade 

size 

N-Ht Vi* \(N \CS1 \(N \<N 

eo\ i-l\ i-h\ rH\ rH\ iH\ 

i-HrHrH WC^COCO -^^OO 
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Table 13. — Dimensions of Rubber-covered and Thermoplastic 
Covered Conductors 


Size 

Types RF-32, R, RH, RW 

Types TF, T, TW, RUf 

A.W.G. 

M.C.M. 

Approx, diam., 
inches 

Approx, area, 
square inches 

Approx, diam., 
inches 

Approx, area, 
square inches 

18 

0.146 

0.0167 

0.106 

0.0088 

16 

0.1.58 

0.0196 

0.118 

0.0109 

14 

14 

Ha in. 0.171 
H 4 in. 0.204* 

0.2030 

0.0327* 

0.131 

0.0135 

12 

12 

Ha in. 0.188 
Ha in. 0.221* 

0.0278 

0.0384* 

0.148 

' 0.0172 

10 

0.242 

0.0460 

0.168 

0.0224 

8 

0.311 

0.0760 

0.228 

0.0408 

6 

0.397 

0.1238 

0.3t3 

0.0819 

4 

0.452 

0.1605 

0.372 

0.1087 

3 

0.481 

0.1817 

0.401 

0.1263 

2 

0.513 

0.2067 

0.433 

0.1473 

1 

0.588 

0.2715 

0.508 

0.2027 

0 

0.029 

0.3107 

0.549 

0.2367 

00 

0.67.5 

0.3578 

0.595 

0.2781 

000 

0.727 

0.41.51 

0.647 

0.3288 

0000 

0.785 

0.4840 

0.705 

0.3904 

250,000 

0.868 

0.,5917 

0.788 

0.4877 

300,000 

0.933 

0.68.37 

0.843 

0.5581 

350,000 

0.985 

0.7620 

0.895 

0.6291 

400,000 

1.032 

0.8365 

0.942 

0.6969 

500,000 

1.119 

0.9834 

1.029 

0.8316 

600,000 

1.233 

i 1 . 1940 

1.143 

1.0261 

700,000 

1.304 

1.3355 

1 1.214 

1 . 1575 

750,000 

1 .339 

1.4082 

‘ 1.249 

1 2252 

800,000 

1.372 

1.4784 

1.282 

1 . 2908 

900,000 

1.435 

1.6173 

1.345 

1.4208 

1,000,000 

1.494 

1.7531 

1.404 

1 . 5482 

1,250,000 

1.676 

2.2062 

1.577 

1.9532 

1,500,000 

1.801 

2.5475 

1.702 

2.2748 

1,750,000 

1.916 

2.8895 

1.817 

2.5930 

2,000,000 

2.021 

3.2079 

1.922 

2.9013 


* The dimensions for Type RW conductors; also these dimensions to be used for new 
work in computing the size of conduit or tubing for combinations of conductors not 
shown in Table 4. 

t Type RU conductors recognized in sizes No. 14 to No. 6. 

No. 18 to No. 8y solid; No. 6 and larger, stranded. 
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Tables 14 and 16. The 1947 Code does not have tables numbered 
14 or 15. 


Table 16. — Dimensions op Lead-covered Conductors 
Types RL and RHL 


Size 

A.W.C. 

M.C.M, 

Single 

conductor 

Two 

conductor 

Three 

conductor 

Diain., 

inches 

Area, 

square 

inches 

Diam., 

inches 

Area, 

square 

inches 

Diam., 

inches 

Area, 

square 

inches 

14 

0.28 

0.062 

0.28 

X 

0.47 

0.115 

0.59 

0.273 

12 

0.29 

0.066 

0.31 

X 

0.54 

0.146 

0.62 

0.301 

10 

0.35 

0.096 

0.35 

X 

0.59 

0.180 

0.68 

0.363 

8 

0.41 

0.132 

0.41 

X 

0.71 

0.255 

0.82 

0.528 

6 

0.49 

0.188 

0.49 

X 

0.86 

0.369 

0.97 

0.738 

4 

0.*55 

0.237 

0.54 

X 

0.96 

0.457 

1.08 

0.916 

2 

0.60 

0.283 

0.61 

X 

1.08 

0.578 

1.21 

1.146 

1 

0.67 

0.352 

0.70 

X 

1.23 

0.756 

1.38 

1.49 

0 

0.71 

0.396 

0.74 

X 

1.32 

0.859 

1.47 

1.70 

00 

0.76 

0.454 

0.79 

X 

1.41 

0.980 

1.57 

1.94 

000 

0.81 

0.515 

0 84 

X 

1.52 

1.123 

1.69 

2.24 

0000 

0,87 

0.593 

0.90 

X 

1.64 

1.302 

1.85 

2.68 

250,000 

0.98 

0.754 





2.02 

3.20 

300,000 

1.04 

0.85 



2.15 

3.62 

350,000 

1.10 

0.95 1 



2.26 

4.02 

400,000 

1.14 

1.02 ! 



2.40 

4.52 

500,000 

1.23 

1.18 



2.59 

5.28 


Note. No. 14 to No. 8, solid conductors; No. 6 and larger, stranded conductors. 
Data for % 4 -in. insulation not yet computed. 
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Table 17. — Dimensions of Asbestos-vabnished-cambric Insulated 

Conductors 

Types AVA, AVB, and AVL 


Size 

A.W.G. 

M.C.M. 

Type AVA 

Type AVB 

Type AVL 

Approx. 

diam., 

inches 

Approx. 

area, 

square 

inches 

Approx. 

diam., 

inches 

Approx, 
area, > 
square 

inches 

Approx. 

diam., 

inches 

Approx. 

area, 

square 

inches 

14 

0.245 

0.047 

0.205 

0.033 

0.320 

0.080 

12 

0.205 

0.055 

0.225 

0.040 

0.340 

0.091 

10 

0.285 

0.064 

0.245 

0.047 

0.360 

0.102 

8 

0.310 

0.075 

0.270 

0.057 

0.390 

0.119 

6 

0.395 

0.122 

0.345 

0.094 

0.430 

0.145 

4 

0.445 

0.155 

mmm 

0.123 

0.480 

0.181 

2 

0.505 

0.200 

mmm 

0.166 

0.570 

0.255 

1 

0.585 

0.268 

0.540 

0.229 

0.620 

0.300 

0 

0 625 

0.307 

0.580 

0.264 

0.660 

0.341 

00 

0.670 

0.353 

0.625 

0.307 

0 705 

0.390 

000 

0 720 

0.406 

0.675 

0.358 

0.755 

0 447 

0000 

0 780 

0.478 

0.735 

0.425 

0.815 

0.521 

250 

0 885 

0.616 

0.855 

0.572 

0.955 

0.715 

300 

0 940 

0.692 

0.910 

0.649 

1.010 

0 800 

350 

0 995 

0.778 

0 965 

0 731 

1.060 

0.885 

400 

1.040 

0.850 

1.010 1 

0.800 

1.105 

0.960 

500 

1 . 125 

0.995 

1.095 

0.945 

1.190 

1.118 

550 

1.165 

1.065 

1.135 

1.01 

1.265 

1.26 

600 

1.205 

1 140 

1.175 

1.09 

1.305 ■ 

1.34 

650 

1.240 

1.21 

1.210 

1.15 

1.340 

1.41 

700 

1.275 

1.28 

1.245 

1.22 

1.375 

1.49 

750 

1.310 

1.35 

1.280 

1.29 

1.410 

1.57 

800 

1.345 

1.42 

1.315 

1.36 

1.440 

1.63 

850 

1.375 

1.49 

' 1.345 

1.43 

1.470 

1.70 

900 

1.405 

1.55 

1.375 

1.49 

1.505 

1.78 

950 

1.435 

1.62 

1.405 

1.55 

1.535 

1.85 

1,000 

1.465 

1.69 

1.435 

1.62 

1 . 565 

1.93 


Note. No. 14 to No. 8, solid, No. 6 and larger, stranded; except AVL where all sizes 
are stranded. 

For Type V, see note on page 633. 
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Table 18. — Properties of Copper Conductors 


Size 

A.W.G. 

Area, 

Concentric lay 
stranded 
conductors 

circular 

mils 

No. 

wires 

Diam. 

each 

wire, 

inches 

18 

1 ,624 

Solid 

0.0403 

16 

2,583 

Solid 

0.0508 

14 

4,107 

Solid 

0.0641 

12 

6,530 

Solid 

0.0808 

10 

10,380 

Solid 

0.1019 

8 

16,510 

Solid 

0.1285 

6 

26,250 

7 

0.0612 

4 

41 .740 

7 

0.0772 

3 

52.640 

7 

0 0867 

2 

60.370 

7 

0.0074 

1 

83,690 

19 

0.0664 

0 

105,500 

10 

0.0745 

00 

133,100 

19 

0.0837 

000 

107,800 

19 

0.0940 

0000 

211.600 

19 

0.1055 


250.000 

37 

0.0822 


300,000 

37 

0.0900 


350,000 

37 

0.0973 


400,000 

37 

0.1040 


500,000 

37 

0.1162 


600,000 

61 

0.0992 


700,000 

61 

0.1071 


750,000 

61 

0.1109 


800,000 

61 

0.1145 


900,000 

61 

0.1215 


1,000,000 

61 

0.1280 


1,250,000 

91 

0.1172 


1,500,000 

91 

0.1284 


1,750,000 

127 

0.1174 


2,000,000 

127 

0.1255 


D. C. resistance, 

Bare conductors olims per 1,000 feet 
at 25®C., 77®F. 


Diam., 

inches 

Area,* 

square 

inches 

Bare 

cond. 

Tin'd 

cond. 

0.0403 

0.0013 

6.510 

6.77 

0.0508 

0.0020 

4.094 

4.25 

0.0641 

0.0032 

2.575 

2.68 

0.0808 

0.0051 

1.619 

1.69 

0.1019 

0.0081 

1 .018 

1.06 

0.1285 

1 

0.0130 

0.641 

0.660 

0 184 

0.027 

0.410 

0.426 

0.232 

0.042 

0.259 

0.269 

0.260 

0.053 

0.205 

0.213 

0.292 

0.067 

0.162 

0.169 

0.332 

0.087 

0.129 

0.134 

0.373 

0.109 

0.102 

0.106 

0.418 

0.137 

0.0811 

0.0844 

0.470 

0.173 

0 0642 

0.0668 

0.528 

0.219 

0.0509 

0.0524 

0.575 

0.260 

0.0431 

0.0444 

0.630 

0.312 

0.0360 

0.0371 

0.681 

0.364 

0 . 0308 

0.0318 

0.728 

0.416 

0 . 0270 

0.0278 

0.814 

0.520 

0.0216 

0.0225 

0 . 893 

0.626 

0.0180 

0.0185 

0.964 

0.730 

0.0154 

0.0159 

0.998 

0.782 

0.0144 

0.0148 

1.031 

0.835 

0.0135 

0.0139 

1.093 

0.938 

0.0120 

0.0124 

1 . 152 

1 .042 

0.0108 

0.0111 

1.289 

1.305 

0.00864 

0.00890 

1.412 

1 . 566 

0.00719 

0 . 00740 

1 . 526 

1.829 

0.00617 

0.00636 

1.631 

2 . 089 

0 . 00539 

0.00555 


* Area given is that of a circle having a diameter equal to the over-all diameter of a 
stranded conductor. 

The values given in the table are those given in Circular 31 of the National Bureau of 
Standards except that those shown in the la.st column are those given in Specification 
B33 of the American Society for Testing Materials. 

The resistance values given in the last two columns are applicable only to direct 
current. 
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Table 19. — Dimensions of Conduit or Tubing 


Size 

Internal 

diam., 

inches 

Area, 

square 

inches 

Size 

Internal 

diam., 

inches 

Area, 

square 

inches 


0.622 

0.30 

3 

3.068 

7.38 

Vi 

0.824 

0.53 

CO 

3.548 

9.90 

1 

1.049 

0.86 

4 

4.026 

12.72 


1.380 

1.50 

4‘i 

4.506 

15.95 


1.610 

2.04 

5 

5.047 

20.00 

2 

2.067 

3.36 

6 

6.065 

28.89 

2V2 

2.469 

4.79 

it* 




Note to Table 17, Page 631 

The insulation thickness for varnished-cambric conductors, Type V, 
is the same as for rubber-covered conductors, Type R, except for Nos. 14 
and 12 which have % 4-inch insulation for varnished-cambric and % 4-inch 
insulation for rubber-covered conductors and for No. 8 which has %4-inch 
insulation for varnished-c.ambric, and '^G4-inf‘b insulation for rubber- 
covered conductors. See table in section 93101. Tables 4 and 5 may, 
therefore, be used for the number of varnished-cambric insulated con- 
ductors in a conduit or tubing. 
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16.25 

17.50 

18.75 

20.00 
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00 0 150 ] 137 5 350 300 225 175 

00 0 150 144 0 350 300 250 ;; 17^ 

000 0 150 150 0 400 300 250 200 

000 00 175 156 5 400 350 250 200 
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Table 21. — Ftjll-loaj) Ctireent* 
Direct-current Motors 


Horsepower 

115 volts 

230 volts 

650 volts 


4.6 

2.3 



6.6 

3.3 

1.4 

1 

8.6 

4.3 

1.8 


12.6 

6.3 

2.6 

2 

IG.4 

8.2 

3.4 

3 

24 

12 

5.0 

5 

40 

20 

8.3 

7}4 

58 

29 

12.0 

10 

76 

38 

16.0 

15 

112 

56 

23.0 

20 

148 

74 

i 31 

25 

184 

92 

38 

30 

220 

no 

46 

40 

292 

146 

I 61 

50 

360 

180 

! 75 

1 

60 

430 

215 

! 90 

75 

536 

268 

111 

100 


355 

148 

125 


443 

148 

t50 


534 

220 

200 


712 

295 


* Those values for full-load current are average for all Hpee<l8. 
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Table 22. — Full-load Current* 
Single-phase Alternating-current Motors 


Horsepower 

115 volts 

230 volts 

H 

3.2‘ 

1.6 

Vi 

4.6 

2.3 

M 

7.4 

3.7 


10.2 

5.1 

1 

13.0 

6.5 


18.4 

9.2 

2 

24 

12 

3 

34 

17 

5 

56 

28 

7h 

80 

40 

10 

100 

50 


For full-load currents of 208 and 200-volt motors, increase corresponding 230-volt 
motor full-load current by 10 and 15 per cent respectively. 

* These values of full-load current are for motors running at speeds usual for belted 
motors and motors with normal torque characteristics. Motors built for especially low 
speeds or high torques may require more running current, in which case the nameplate 
current rating should be used. 
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Table 23. — Full-load Current* 
Two-phase Alternating-current Motors (4-wire) 


Horse- 


Induction type squirrel-cage and 
wound-rotor, amperes 


Synchronous type unity 
power factor, f amperes 


power 

110 

220 

440 

550 

2,300 

220 

440 

550 

2,300 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 


4 

2 

1 

.8 







4.8 

2.4 

1.2 

1.0 






1 

6.4 

3.2 

1.6 

1.3 






l/'2 

8.8 

4.4 

2.2 

1.8 






2 

11.2 

5.6 

2.8 

2.2 






3 


8 

4 

3.2 






5 


13 

7 

6 








19 

9 

8 






10 


24 

12 

10 






15 


34 

17 

14 






20 


45 

23 

18 






25 


55 

28 

22 

6 

47 

24 

19 

4.7 

30 


67 

34 

27 

7 5 

56 

29 

23 

5.7 

40 


88 

44 

35 

9 

75 

37 

31 

7 

50 


108 

54 

43 

11 

9^1 

47 

38 

9 

60 


129 

65 

52 

13 

111 

50 

44 

11 

75 


158 

79 

63 

16 

140 

70 

57 

13 

100 


212 

106 

85 

21 

182 

93 

74 

17 

125 


268 

134 

108 

26 

228 

114 

93 

22 

150 


311 

155 

124 

31 


137 

110 

26 

200 

— 

415 

208 

166 

41 


182 

145 

35 


* These values of full-load current are for motors running at speeds usual for belted 
motors and motors with normal torque characteristics. Motors built for especially 
low speeds or high torques may require more running current, in which case the name- 
plate current ratings should be used. Current in common conductor of 2-phase, 3-wire 
system will be 1.41 times value given. 

t For 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.25, 
lespertively. 
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Table 24. — Full-load Cureent** 
Three-phase Alternating-current Motors 


Horse- 

power 

Induction type squirrel-cage and 
wound-rotor, amperes 

Synchronous type unity 
power factor, f amperes 

110 

volts 

220 

volts 

440 

volts 

550 

volts 

2,300 

volts 

220 

volts 

440 

volts 

550 

volts 

2,300 

volts 

H 

4 

2 

1 


.8 






Vi 

5.6 

2.8 

1. 

4 

1.1 






1 

7 

3.5 

1. 

8 

1.4 






m 

10 

5 

2. 

5 

2.0 






2 

13 

6.5 

3. 

3 

2.6 






3 


9 

4. 

5 

4 






5 


15 

7. 

5 

6 








22 

11 


9 






10 


27 

14 


11 






15 


40 

20 


16 






20 


52 

26 


21 






25 


64 

32 


26 

7 

54 

27 

22 

5.4 

30 


78 

39 


31 1 

8.5 

65 

33 

26 

6.5 

40 


104 

52 


41 

10.5 

86 

43 

35 

8 

50 


125 

63 


50 

13 

108 

54 

44 

10 

60 


150 

75 


60 

16 

128 

64 

51 

12 

75 


185 

93 


74 

19 

161 

81 

65 

15 

100 


246 

123 


98 

25 

211 

106 

85 

20 

125 


310 

155 


124 

31 

264 j 

132 

106 

25 

150 


360 

180 


144 

37 


158 

127 

30 

200 


480 

240 


192 

49 


210 

168 

40 


For full-load currents of 208 and 200 volt motors, increase the corresponding 220-volt 
motor full-load current by 6 and 10 per cent, respectively. 

♦ These values of full-load current are for motors running at speeds usual for belted 
motors and motors with normal torque characteristics. Motors built for especially low 
speeds or high torques may require more running current, in which case the nameplate 
current rating should be used. 

t For 90 and 80 per cent P. F. the above figures should be multiplied by 1.1 and 1.26, 
respectively. 
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Table 25. The 1947 Code does not have a Table 25. 


Table 26. — Maximum Rating or Setting of Motor-branch-circuit 
Protective Devices for Motors Marked with a Code Letter 
Indicating Locked Rotor Kva. 



Per cent of full-load current 

Typo of motor 

Fuse rating 
(see also 
Table 20, 
columns 

7, 8, 9, 10) 

Circuit-breaker setting 

Instan- 

taneous 

type 

Time 

limit 

type 

All A.C. singlo-phasG and poly- 
phase squirrol-cage and syn- 
chronous motors with full- 
voltage, resistor or reactor 
starting: 

Code Letter A 

150 


150 

Code Letter B to E 

250 


200 

Code Letter F to R 

300 


250 

All A.C. squirrel-cage and syn- 
chronous motors with auto- 
transformer starting: 

Code Letter A 

150 


150 

Code Letter B to E 

200 


200 

Code Letter F to R 

250 


200 


For certain oxceptions to the values specified see Code Secs. 4324, 4342 and 4349. 
The values given in the last column also cover the ratings of non-adjustable, time-linut 
types of circuit-breakers which may also be modified as in Code Sec. 4342. 

Synchronous motors of the low-torque, low-speed type (usually 450 r.p.m. or lower), 
such as are used to drive reciprocating compressors, pumps, etc., which start up unloaded, 
do not require a fuse rating or circuit-bieaker setting in excess of 200 per cent of full-load 
current. ' 


For motors not marked with a Code letter, see Table 27. 
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Table 27, — Maximitm Rating or Setting of Motor-branch-circuit 
Protective Devices for Motors Not Marked with a Code 
Letter Indicating Locked Rotor Kva. 



Per cent of full-load current 

Type of motor 

Fuse rating 
(see also 
Table 20, 
columns 

7, 8, 9, 10) 

Circuit-breaker setting 

Instan- 

taneous 

type 

Time- 

limit 

type 

Single-phase, all types 

Squirrel-cage and synchronous 
(full-voltage, resistor and reac- 

300 


250 

tor starting) 

Squirrel-cage and synchronous 
(autotransformer starting) 

300 

1 

1 

250 

Not more than 30 amp 

250 


200 

More than 30 amp 

High-rcactance squirrel-cage 

200 


200 

Not more than 30 amp 

250 


250 

More than 30 amp 

200 


200 

Wound-rotor 

Direct-current 

150 


150 

Not more than 50 hp 

150 

250 

150 

More than 50 hp 

150 

175 

150 


For certain exceptions to the values specified see Code Secs. 4324» 4342 and 4349. 
The values given in the last column also cover the ratings of non-ad justablc, time-limit 
types of circuit-breakers which may also be modified as in section 4342. 

Synchronous motors of the low-torque low-speed type (usually 450 r.p.m. or lower) 
such as are used to drive reciprocating compressors, pumps, etc., which start up unloaded, 
do not require a fuse rating or circuit-breaker setting in excess of 200 per cent of full-load 
current. 

For motors marked with a Code letter, see Table 26. 
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Table 28. — Number of Overcurrent Units, Such as Trip Coils or 
Relays, for Protection of Circuits 
(See Diagramif 1 to 19) 

(See Code Sec. 2405 for the ovcrcurrcnt protection of conductors in 
general, Code Sec. 2371 for services and Code Sec. 4327 for motors.) 

Number and Location of 

Systems Overcurrent Units* 

2-wire, single-phase A.C. or D.C., un- Two (one in each conductor. 

grounded Fig. 1 ) 

2-wire, single-phase A.C. or D.C., one One (in ungrounded conductor. 

wire grounded Fig. 2) 

2-wire, single-phase A.C. or D.C., mid- Two (one in each conductor. 

point grounded Fig. 3) 

2-wire, single-phase A.C. derived from Two (one in each conductor. 

3-phase, with ungrounded neutral Fig. 4) 

2- wire, single-phase derived from 3-pha8e, Two (one in each conductor, 

grounded neutral system by using out- Fig. 5) 

side wires of 3-phase circuit 

3- wire, single-phase A.C. or D.C., un- Three (one in each conductor, 

grounded neutral Fig 6) 

3-wire, single-phase A.C., or D.C., Two (one in each conductor 
grounded neutral except neutral conductoi. 

Fig. 1) 

3-wire, 2-phase, A.C., common wire un- Three (one in each conductor 

grounded Fig. 8) 

3- wire, 2-phase, A.C., common wire Two (one in each conductor 

grounded except common conductor. 

Fig. 9) 

4- wire, 2-phase, ungrounded, phases Four (one in each conductor 

separate Fig 10) 

4-wire, 2-phase, grounded neutral, or Four (one in each conductor 

5- wire, 2-phasc, grounded neutral except neutral conductor. 

Figs. 11 and 12) 

3-wire, 3-phase, ungrounded Three (one in each conductor. 

Fig. 13t) 

* 1. An overcurrent unit may consiHt of a scries overcurrent tripping de\ ice or the 
combination of a current transformer and a secondary overcurrent tripping device. 
Either two or three secondaiy ovei current tripping devices may be used with three 
<’urrent transformers on a .S-phase system similar to those shown in Figs. 15 and 18. 

t 2. When three current transformers are used instead of three series overcurrent 
flipping devices shown in Figs. 13, 15, 17, and 18, the secondary tripping devices may 
consist of three secondary overcurrent tripping devices or two secondary overcurrent 
tripping devdees with a residual current tripping device of a lower range. See Fig. 16. 

3. Where standard devices are not available with three or four overcurrent units 
as required in the table, it is permissible to substitute two overcurrent units and one 
fuse where three ovei current units are called for, two overcurrent units and two fuses 
where four overcurrent units are called for. The fuse or fuses are to be placed in the 
conductors not containing an overcurrent unit. This practice, however, of substituting 
fuses for overcurrent units is to be discouraged for obvious reasons. 
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3-wire, 3-phase, one wire grounded Two (one in each ungrounded 

conductor Fig 14) 

3- wire, 3-phase, grounded neutral Three (one in each conductor 

Fig 15t) 

S-w ire, 3-phase, mid-point of one phase Three (one in each conductor 
grounded Fig 1 7 f ) 

4- wire, 3-phase, grounded neutral Three (one m each ungrounded 

conductor Fig 18 1) 

4-wire, 3-phasc, ungrounded neutral Four (one in each conductor 

Fig 19) 

DIAGRAMS 

Diagrams 1 to 19 showing Number oi Overcurrent 
Units such as Irip Coils or Relays for the Protection 
of Circuits as required by Table 28 
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Table 29. — Demand Loads for Household Electric Ranges and 
Other Cooking Appliances over Kw. Rating 
(Column A to be used in all cases except as otherwise permitted in 

Note 3 below) 


Number of 

Maximum demand, 
kilowatts 
(see notes) 

Demand factors, per cent (see Note 3) 

ranges 

Column A 
(Not over 12 
kilowatt rating) 

Column B 
(Less than 3^-2 
kilowatt rating) 

Column C 
(3^ kw. to 8^4 
kilowatt rating) 

1 

8 

80 

SO 

2 

11 

75 

65 

3 

14 

70 

55 

4 

17 

66 

50 

f) 

20 

62 

45 

f) 

21 

59 

43 

7 

22 

56 

40 

8 

23 

53 

36 

9 

24 

51 

35 

10 

25 

49 

34 

11 

26 

47 

32 

12 

27 

45 

32 

13 

28 

13 

32 

14 

29 

41 

32 

15 

30 

40 

32 

16 

31 

3‘.1 

28 

17 

32 

38 

28 

18 

33 

37 

28 

19 

34 

36 

28 

20 

35 

35 

28 

21 

36 

34 

26 

22 

37 

33 

' 26 

23 

38 

32 

26 

24 

39 

31 

26 

25 

40 

30 

26 

26-30 

15 kw. plus 1 kw. for 

30 

24 

31-40 

each range 

30 

22 

41-50 

25 kw plus kw, for 

30 

20 

51-60 

each range 

30 

18 

61 and o^ ei 

1 

30 

16 


Note I Over 12 kw. to 21 kw. langes. For ranges individually rated more than 
12 kw. but not more than 21 kw , five per cent shall be added to the above maximum 
demand (column A) for each additional kw. of rating or major fraction theieof b\ 
which the individual range rating exceeds 12 kw. 

Note 2. Over 21 kw. ranges. Ranges individually rated more than 21 kw. aie not 
consideied ns household electric ranges and the demand should be determined on the 
basis of rating and use. Generally, the demand for commercial ranges should be based 
on the maximum nameplate rating. 

Note 3 Over 1 ^^ kw. to 8^4 kw. In lieu of the method provided in column A, the 
load for ranges individually rated more than 1 ®^ kw. but not more than 8 ^ kw. may 
lie considered as the sum of the nameplate ratings of all the ranges, multiplied by the 
demand factors specified in columns B or C for the given number of ranges. 

Note 4. Branch circuit load Branch circuit load for one range may be computed 
in accordance with the above table. 





Table 30. — Capacitor Ratings for Cse amth Open-type Three-ph\se Sixty Cycle Induction Motors 

(See Code Sec. 4606) 
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shall be reduced a corresponding amount. 



550 


FHACTICAL ELECTRICAL WIRING 






APPENDIX 


553 


Excerpts from Code. Because these particular sections are 
so important, they are quoted verbatim from the Code: 

2116. Branch Circuits Required. Branch circuits shall be installed as 
follows: 

a. Lighting and Appliance Circuits. For lighting, and for appliances 
not specifically provided for in paragraph b, branch circuits shall be 
provided for a computed load not less than that determined by section 
2116. 

The number of circuits shall be not less than that determined from 
the total computed load and the capacity of circuits to be used, but in 
every case the number shall be sufficient for the actual load to be served. 

Where the load is computed on a ^Vatts per square foot'’ basis, the 
total load, in so far as practical, shall be evenly proportioned among the 
branch circuits according to their capacity. 

If lighting units to be installed operate at other than 100 per cent 
power factor, see paragraph b of section 2125 for maximum ampere load 
permitted on branch circuits. 

For general illumination in dwelling occupancies, it is recommended 
that one 15-ampere branch circuit be installed for each 500 square feet 
(approximately 3 watts per square foot) of floor area. 

See Example No. 1, Chapter 10. 

b. Receptacle Circuits (Dwelling Occupancies). For the small appli- 
ance load in kitchen, laundry, pantry, dining room and breakfast room 
of dwelling occupancies, one or more branch circuits shall be provided 
for all receptacle outlets (other than outlets for clocks) in these rooms 
and such circuits shall have no other outlets. The conductors of such 
circuits shall be not smaller than No. 12. 

See section 2123-C-3. 

c. Other Circuits. For specific loads not otherwise provided for in 
paragraphs a or b, branch circuits shall be as required by other sections 
of the code. 

2116. Calculation of Load. The branch circuit load for lighting and 
appliances shall be computed in accordance with the provisions of this 
section. Where in normal operation the maximum load of a branch 
circuit will continue for long periods of time, such as store lighting and 
similar loads, the minimum unit loads specified in this section shall be 
increased by 25 per cent in order that the wiring system may have 
sufficient branch circuit and feeder capacity to insure safe operation. 

a. General Lighting. For general illumination; 

1. In Listed Occupancies. In the occupancies listed in the table in 
section 2203, a load of not less than the unit load of Column A shall be 
included for each square foot of floor area. 
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In determining the load on the “watts per square foot^^ basis, the 
floor area shall be computed from the outside dimensions of the building, 
apartment or area involved, and the number of floors : not including open 
porches, garages in connection with dwelling occupancies, nor unfinished 
spaces in basements or attics of dwellings. 

All receptacle outlets of 15-ampere or less rating in single-family and 
multi-family dwellings and in guest rooms of hotels (except those con- 
nected to the receptacle circuits specified in paragraph b of section 2115) 
may be considered as outlets for general illumination, and no additional 
load need be included for such outlets. The provisions of paragraph b 
of this section shall apply to all other receptacle outlets. 

2. In Other Occupancies. In other occupancies, a load of not less 
than the unit load specified in paragraph b of this section shall be included 
for each outlet. 

b. Other Loads. For lighting other than general illumination and for 
appliances other than motors, a load of not less than the unit load 
specified below shall be included for each outlet. 


Outlets supplying specific appliances and 

other loads Amp. rating of appliance 

Outlets supplying heavy-duty lampholders ... 5 amperes 
Other outlets amperes 


2127. Table of Requirements. The requirements for circuits having 
two or more outlets (other than the receptacle circuits of paragraph b 
of section 2115) as specifically provided for above are summarized in the 
following table: 
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Bbanch Circuit Requirements 

(Type R, RH, RW, RU, T, and TW Conductors in Raceway or Cable) 


Circuit rating 

15 amp. 

20 amp. 

30 amp. 

50 amp. 

Conductors: 

(min. size) 





Circuit wires 

14 

12 

10 

6 

Taps 

Fixture wires and cords* 

14 

14 

14 

12 

Overcurrent protection 

15 amp. 

20 amp. 

30 amp. 

50 amp. 

Outlet devices: 





Lampholders permitted 

Any 

Heavy 

Heavy 

Heavy 


type 

dutyt 

duty 

duty 

Receptacle rating 

Max. 

15 amp. 

20 amp. t 

20 or 30 
amp. 

50 amp. 

Maximum load 

15 amp. 

20 amp. 

30 amp. 

50 amp. 

Permissible load 

Sec. 2126 

Sec. 2126 

Sec. 2126 

Sec. 2126 


a 

a 

b 

c 


* Seo section 2121-C-3. 
t See section 2123-C-2. 
t See section 2123-C-3. 


2203. Calculation of Load. The computed load of a feeder shall be 
not less than the sum of all branch circuit loads supplied by the feeder, 
as determined by section 2116, subject to the following provisions: 

a. General Lighting. The demand factors specified in this paragraph 
may be applied to the computed branch circuit load for general 
illumination. 

See paragraph c. 

Unit Loads and Feeder Demand Factors 

The unit values and the demand factors herein are based on minimum 
load conditions and 100 per cent power factor, and may not provide 
sufficient capacity for the installation contemplated 

In view of the trend toward higher intensity lighting systems and 
increased loads due to more general use of fixed and portable appliances, 
each installation should be considered as to the load likely to be imposed 
and the capacity increased to insure safe operation. 
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Where electric discharge lighting systems are to be installed, high 
power-factor type should be used or the conductor capacity may need 
to be increased. 


Type of occupancy 

Col. A 
Unit load 
per sq. ft., 
watts 

Col. B 

Load to which 
demand factor 
applies, watts 

Demand 
factor, 
per cent 

Armories and auditoriums 

1 

Total wattage 

100 

Banks 

2 

Total wattage 

100 

Barber shops and beauty pailors 

3 

Total wattage 

100 

(’’hurches 

1 

Total wattage 

100 

Clubs 

2* 

Total wattage 

100 

Courtrooms 

2 

Total wattage 

100 

Dwellings — single-fainily 

2* 

2,500 or less 

100 



Over 2,500 

30 

Dwellings — multi-family (f)thor than hotels) 

2* 

3,000 or less 

100 



Next 117,000 

35 



Over 120,000 

25 

Garages — commercial (storage) 


Total wattage 

100 

Hospitals 

2 

50,000 or less 

40 1 



Over 50,000 

20 

Hotels, including apartment houses without 

2* 

20,000 or less 

50 1 

provisions for cooking by tenants 


Next 80,000 

40 



Over 100,000 

30 

Industrial commercial (loft) buildings 

2 

Total wattage 

100 

Lodge rooms 

1 ' j 

Total wattage 

100 

Office buildings 

2 

20,000 or less 

100 



Ovei 20,000 

70 

Restaurants 

2 

Total wattage 

100 

Schools 

3 

15,000 or less 

100 



Over 15,000 

50 

Stores 

3 

Total wattage 

100 

Warehouses, storage 


12,500 or less 

100 



Over 12,500 

50 

In any of above occupancies except single- 




family dwellings and individual apartments 




of multi-family dwellings: 




Assembly halls and auditoriums 

1 

Total wattage as specified 

Halls, corridors, closets 


for the specific occupancy 

Storage spaces 

}i 




* Ree parai^raph c of this section. 

t For subfeeders to areas in hospitals and hotels where entire lighting is likely to be 
used at one time; as in operating rooms, ballrooms, dining rooms, etc., a demand factor 
of 100 per cent shall be used. 
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b. Show-window Lighting. For show-window lighting, a load of not 
less than 200 watts shall be included for each linear foot of show-window 
measured horizontally along its base. 

c. Small Appliances. The small appliance load specified in sub- 
paragraph c-1 and the computed branch circuit load for receptacle out- 
lets in other than dwelling occupancies, for which the allowance is not 
more than amperes per outlet, may be included with the general 
lighting load and subject to the demand factors in paragraph a of this 
section. 

1. Dwelling Occupancies. In single-family dwellings, in individual 
apartments of multi-family dwellings having provisions for cooking by 
tenants, and in each hotel suite having a serving pantry; a feeder load 
of not less than 1,500 waits shall be included for small appliances (porta- 
ble appliances supplied from receptacles of 15-ampere or less rating) in 
dining room, kitchen and laundry. If the load is subdivided through 
two or more feeders, the computed load for each shall include not less 
than 1,500 watts for small appliances. 

d. Electric Ranges. The feeder load for household electric ranges 
and other cooking appliances, individually rated more than 1?^ kw., 
may be calculated in accordance with Table 29, Chapter 10. 

In order to provide for possible future installation of ranges of higher 
ratings, it is recommended that where ranges of less than Sfi kw. ratings 
are to be installed, the feeder capacity be not less than the maximum 
demand value specified in Column A of Table 29, Chapter 10. 

Where a number of ranges are supplied by a 3-phase, 4-wire feeder, 
the current shall be computed on the basis of the demand of twice the 
maximum number of ranges connected between any two phase wires. 

See Example No. 5, Chapter 10. 

e. Fixed Appliances (Other than Ranges). Where four or more fixed 
appliances, in addition to an electric range or ranges, are connected to 
the same feeder in a single or multi-family dwelling, a demand factor of 
75 per cent may be applied to the fixed appliance load, not including the 
electric ranges. 

f. Motors. For motors, a load computed according to the provisions 
of sections 4314 and 4316 shall be included. 

EXAMPLES 

These examples were to appear in the 1947 Code but were 
dropped because of lack of space. 

Selection of Conductors. In the following examples the size of con- 
ductor has been selected on the basis of the allowable current-carrying 
capacities of Type R rubber-covered conductors as given in Table 1. 
If other types of insulated conductors are used, or if the conductors are 



558 


PRACTICAL ELECTRICAL WIRING 


run open, or with more than three conductors in a raceway, the size of 
conductor may vary from those shown Tables 1 and 2 should be 
consulted m selecting the size of conductor for a particular installation. 

Voltage. For uniform application of the provisions of Articles 210 
and 22Q, a nominal voltage of 115 and 230 volts shall be used in com- 
puting the ampere load on the conductor 

Fractions of an Ampere. Where the calculations result in a fraction 
of an ampere, such fractions may be dropped 

Ranges. For the computation of the range loads in these examples 
Column A of Table 29 has been used For optional method, see Columns 
B and C of Tabic 29, 

EXAMPLE NO. 1. SINGLE-FAMILY DWELLING 

Dwelling having a floor area of 2,500 square feet, exclusive of unoccu- 
pied cellar, unfinished attic and open porches 

Computed Load (Section 2116) : 

General lighting load: 

2,500 square feet at 2 watts per square foot 5,000 watts 
Minimum Number of Branch Circuits Required (Section 2116) : 

General lighting load. 5,000 — 115 = 43 amperes, or three 15-ampere, 
2- wire circuits. 

Small appliance load: one 2-wire circuit of No 12 wire. (See section 
2115-b) 

Minimiun Size Feeders (or Service Conductors) Required (Section 2201) : 


Computed I^ad (Section 2203): 


General lighting load 

5,000 watts 

Small appliance load 

1,500 watts 

Total computed load 

6 , 500 watts 

2,500 watts at 100% 

2 , 500 watts 

4,000 watts at 30% 

1 , 200 wattb 

Net computed load 

For 115-volt, 2-wire system: 

3,700 watts 

3,700 -f- 115 = 32 amperes, or No. 8 

For 115-230-volt, 3-wire system: 


3,700 230 = 16 amperes, or No 12 

For minimum size conductor, see sections 2201 and 2304. 

Minimum Number Receptacles Required (Section 2124) : 

living Rooip: 16 feet by 22 feet; 76 feet total (gross) distance around the 
room 76 feet 20 =* 3 8 or 4 receptacles 
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Each Bed Room: 14 feet by 15 feet; 58 feet total (gross) distance around 
the room. 58 feet - 4 - 20 ** 2.9 or 3 receptacles. 

•Dining Room: 16 feet by 16 feet; 64 feet total (gross) distance around 
the room. 64 feet 20 = 3.2 or 3 receptacles. 

•Breakfast Room: 10 feet by 12 feet; 44 feet total (gross) distance 
around the room. 44 feet -?• 20 = 2.2 or 2 receptacles. 

•Kitchen: 14 feet by 14 feet; 56 feet total (gross) distance around the 
room. 56 feet - 5 - 20 =* 2.8 or 3 receptacles. 

Note 1. Receptacles to be placed equal distances apart insofar as 
practicable. 

•Note 2. Receptacles in these locations, also laundry, to be supplied 
by circuit or circuits of not less than No. 12 wire (section 2115). 

EXAMPLE NO 2. STORE BUILDING 

A store 50 feet by 60 feet, or 3,000 square feet, has 30 feet of show 
window. 

Computed Load (Section 2116) : 

•General lighting load: 

3,000 square feet at 3 watts per square foot 


X 1.25 11,250 watts 

••Show-window lighting load: 

30 feet at 200 watts per foot 6,000 watts 


Minimiun Number of Branch Circuits Required (Section 2116) : 

General lighting load: 11,250 -¥■ 230 = 49 amperes for 3-wire, 115-230 
volts; or 98 amperes for 2-wire, 115 volts: 

Three 30-ampere, 2-wire, and one 15-ampere, 2-wire circuits; or 
Five 20-ampere, 2-wire, circuits; or 

Three 20-amperc, 2-wirc, and three 15-ampere, 2-wire circuits; or 
Seven 15-ampere, 2-wirc, circuits; or 

Three 15-ampere, 3-wire, and one 15-ampere, 2-wire circuits. 

Special lighting load (show window): 6,000 -j- 230 — 26 amperes for 
3- wire, 115-230 volts; or 52 amperes for 2-wire, 115 volts: 

Four 15-ampere, 2-wire circuits; or 
Three 20-ampere, 2- wire circuits; or 
Two 15-ampere, 3-wire circuit^ 

•The above examples assume that the entire general lighting load is 
likely to be used for long periods of time and the load is therefore increased 
by 25 per cent in accordance with section 2116. The 25 per cent increase 
is not applicable to any portion of the load not used for long periods. 

** If show-window load computed as per paragraph 2116-b, the unit 
load per outlet to be increased 25 per cent. 
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M inimum Size Feeders (or Service Conductors) Required (Section 2201) ; 

For 115-230-volt, 3-wire system: 

Ampere load: 49 -f 26 = 75 amperes. (Section 2203) 

Size of each feeder, No. 3. 

For 115-volt system: 

Ampere load : 98 + 52 = 150 amperes. (Section 2203) 

Size of each feeder. No 3/0. 

EXAMPLE NO. 3. MULTI-FAMILY DWELLING 

Multi-family dwelling having a total floor area of 32,000 square feet 
with 40 apartments. 

Meters in two banks of 20 each and individual sub-feeders to each 
apartment. 

One-half of the apartments are equipped with electric ranges of not 
exceeding 12 kw. each. 

Area of each apartment is 800 square feet. 

Computed Load for Each Apartment (Section 2116) : 

General lighting load: 8(X) square feet at 2 


watts per sejuare foot 1 , 600 watts 

Special appliance load, electric range 8,000 watts 


Minimum Number of Branch Circuits Required for Each Apartment 
(Section 2116) : 

General lighting load: 1,600 115 = 13 amperes, or one 15-amj>erc 

2-wire circuit. 

Small appliance load: one 2-wire circuit of No. 12 wire (see section 
2115-b). 

Range circuit 8,000 230 = 34 or a circuit of two \o. 8’s and one 

No. 10, as permitted by 2121-c-l. 

Minimum Size Sub-Feeder Required for Each Apartment (Section 2201) : 

Computed Load (Section 2203) : 


General lighting load 1 , 600 watts 

Small appliance load • 1 , 500 watts 

Total computed load (without range) 3 , 100 watts 

3,000 watts at 100% 3,000 watts 

100 watts at 35% 35 watts 

Net computed load (without range) 3,035 watts 

Range load 8,000 watts 8 , 000 watts 

Net computed load (with range) 11,035 watts 
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For 115~280-volt, 8-wire system (without range) : 

3.035 -f- 230 = 13 amperes. 

Size of each sub-feeder, No. 12 (see section 2115-b). 

For 116-230-volt, 8-wire system (with range) : 

11.035 230 « 48 amperes. 

Size of each ungrounded sub-feeder No. 6. 

Size of neutral sub-feeder 70 per cent of 8,000 watts — 5,600 watts. 

3,035 watts 
5 , 600 watts 

Total computed load 8,635 watts 

8,635 -f* 230 = 37 amperes or a No 8. See 2203-g. 

Minimum Size Feeders Required from Service Equipment to Meter Bank 
(for 20 Apartments — 10 with Ranges) : 

Total Computed Load : 


Lighting and small appliance load, 20 X 


3, 100 watts 

62,000 watts 

3,000 watts at 100^ 

3,000 watts 

59,000 watts at 35^ 

20,650 watts 


23,650 watts 

10 Ranges, 25,000 A\atts 

25,000 watts 

Net computed load 

48 , 650 watts 


For 116-230-volt, 3-wire system : 

48,650 -i- 230 == 211 amperes. 

Net computed load 211 amperes 

Size of each ungrounded feeder to each meter bank, 250,000 c m 
Neutral feeder 70 per cent of 25,000 = 17,500. 

23 , 650 watts 
17,500 watts 
41 , 150 watts 

41,150 -i- 230 179 amperes, or a No. 4/0 feeder. See 2203-g. 

Minimum Size Main Feeder (or Service Conductors) Required (for 
40 Apartments — 20 with Ranges) : 
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Total Computed Load: 


Lighting and small appliance load, 40 X 


3, 100 watts 124 , 000 watts 

3.000 watts at 100 % 3 , 000 watts 

117,000 walfts at 35% 40,950 watts 

4.000 watts at 25% 1,000 watts 

44,950 watts 


20 ranges, 35,000 watts . 
Net computed load . . 


35,000 watts 
79 , 950 watts 


For 116-230-volt, 3-wire system : 


79,950 T- 230 = 347 amperes. 

Size of each ungrounded feeder to each meter bank, 600,000 c.m. 
Neutral feeder 70 per cent of 35,000 watts = 24,500. 

44,950 watts 
24 , 500 watts 

Net computed load 69,450 watts 

69,450 230 = 302 amperes. 

200 amperes at 100% = 200 amperes 
102 amperes at 70% = .71 amperes 
271 amperes 

or 400,000 c.m. See notes 2 and 5 to Tables 1 and 2. 


EXAMPLE NO. 4. CALCULATION OF NEUTRAL FEEDER 

(See section 2203-g) 

The following example illustrates the method of calculating size of 
neutral feeder for the computed load of a 5-wire, 2-phase system, where 
it is desired to modify the load in accordance with provisions of sec- 
tion 2203. 

An installation consisting of a computed load of 250 amperes con- 
nected between neutral feeder and each ungrounded feeder. 

Neutral feeder (maximum unbalance of load 

250 amp. X 140% ~ 350 amperes): 

200 amperes (first) at 100% = 200 amperes 
150 amperes (excess) at 70% = 105 amperes 
Computed load 305 amperes 

Size of neutral feeder: 500,000 c.m. 


EXAMPLE NO. 6. RANGES ON A 3-PHASE SYSTEM 

(Section 2203-d) 

Thirty ranges rated at 12 kw. each are supplied by a 3-phase, 4-wire, 
120/208-volt feeder, 10 ranges on each phase. 
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As there are 20 ranges connected to each ungrounded conductor, the 
load should be calculated on the basis of 20 ranges (or in case of unbalance, 
twice the maximum number between any two phase wires) since diversity 
applies only to the number of ranges connected to adjacent phases and 
not the total. 

The current in any one conductor will be one-half the total watt load 
of two adjacent phases divided by the line-to-neutral voltage. In this 
case, 20 ranges, from Table 29, Chapter 10, will have total watt load of 
35,000 watts for two phases; therefore, the current in the feeder con- 
ductor would be: 

17,500 -7- 120 = 146 amperes. 

On a three-phase basis the load would be: 

3 X 17,500 = 52,500 watts 
and the current in each feeder conductor — 

52,500 

20^X1:73 == 

EXAMPLE NO. 6. MOTORS, CONDUCTORS, 

AND OVERCURRENT PROTECTION 

(See sections 4312, 4314, 4322 and 4342) 

Determine the size of conductors, the motor-running overcurrent pro- 
tection, the branch circuit protection, and the feeder protection, for 
one 25-h.p. squirrel-cage induction motor (full-voltage starting), and 
two 30-h.p. wound-rotor induction motors, on a 440-volt, 3-phase, 
60-cycle supply. 

Conductor Sizes 

The full-load current of the 25-h.p. motor is 32 amperes (Table 24). 
A full-load current of 32 amperes requires a No. 8, Type R, rubber- 
covered conductor (Column 2, Table 20). The full-load current of the 
30-h p. motor is 39 amperes (Table 24). A full-load current of 39 
amperes requires a No. 6, Type R, rubber-covered conductor (Column 2, 
Table 20). 

The feeder conductor capacity will be 125 per cent of 39, plus 39, 
plus 32, or 120 amperes (section 4314). In accordance with Table 1, this 
would require a No*. 0, Type R, rubber-covered feeder. 

Note. For Type R conductors run open in air, or for conductors with 
insulations other than Type R, see Tables 1 and 2. 

Overcurrent Protection 

Running. The 25-h.p. motor, with full-load current of 32 amperes, 
must have running overcurrent protection of not over 40 amperes 
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(Columns 6 and 6, Table 20). The 30-h.p. motor with full-load current 
of 39 amperes must have running overcurrent protection of not over 
50 amperes (Columns 5 and 6, Table 20). 

Branch Circuit. The branch circuit of the 25-h.p. motor must have 
branch-circuit overcurrent protection of not over 100 amperes (Column 7, 
Table 20). The branch circuit of the 30-h.p. motor must have branch- 
circuit overcurrent protection of not over 60 amperes (Column 10, 
Table 20). 

Feeder Circuit. The rating of the branch-circuit fuse for a 25-h.p. 
squirrel cage motor is 300 per cent of 32 amperes, or 96 amperes (Table 27) ; 
and for a 30-h.j). wound-rotor motor is 150 per cent of 39 amperes or 
59 amperes (Table 27). The rating of a feeder fuse is, therefore, 
96 + 39 + 39 = 174 amperes, and a 175-ampcrc fuse is the maximum 
size which may be used. (See section 4362.) 

The setting of a motor-branch-circuit circuit-breaker for a 25-h.p. 
squirrel cage motor is 250 per cent of 32 amperes or 80 amperes (Table 27) ; 
for a 30-h.p. wound-rotor motor is 150 per cent of 39 amperes or 59 
amperes (Table 27). The maximum setting of a feeder circuit-breaker 
is 80 + 39 + 39 = 158 amperes. (See section 4362.) 
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A 

ABC cable, 90, 160 
Adequate wiring, 203 
Alternating current, 31 
Ampere, 15 
Ampere-hour, 16, 382 
Anchors, lead, 147 
Annunciator wire, 100, 328 
Apartments, wiring of, 385 
Appliances, calculating service en- 
trance for, 194 
** fixed,’* definition of, 180 
watts consumed by, 21 
wiring of, 180 

Approval by the Underwriters, 4 
Armored cable, 90, 160 
Asbestos-covered wire, 408 
Athletic-field lighting, 460 
Attics, wiring of, 173 
Autotransformers, 52 

B 

B. & S. wire gauge, 85 
Bare wire (see Uninsulated wire) 
Barn wiring, 371 
Barriers, box, 326 
Baseboard outlets (see Receptacle 
outlets) 

Basements, wiring of, 21 1 
Bases on bulbs, 236 
Bathrooms, wiring of, 209 
Batteries, storage, 381 
Beam candle power, 216 
Bell wire, 100, 328 
Bells (see Low-voltage wiring) 


Bills, electric, 21 
Bolts, toggle, 147 
Boxes, concrete, 440 
floor, 441 
junction, 145, 439 
nonmetallic, 367-370 
outlet and switch, attaching 
conduit and cable to, 138 
covers for, 141, 144 
depth of, 136, 347 
finish of, 137 
ganging of, 136 
installation of, 347 
material of, 137, 368 
number of wires permitted in, 
138 

purpose of, 134 
supporting of, 140, 142, 347 
types of, 134, 146 
porcelain, 367 
puU, 145, 439 
round, where used, 140 
Bracelet labels, 7 

Branch circuits, advantages of 
numerous, 176 
appliance, 178 
balancing of, 181 
definition of, 176 
determining number of, 177 
motor, 418, 463, 465 
schemes for wiring, 182 
types of, 179, 415 
Bulbs, bases used on, 236 
characteristics of, 236, 240, 453 
construction of, 54, 240, 453 
effects of relative voltage on, 235 
efficiency of, 239, 453 
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Bulbs, life of, 244, 453 
lumens produced by, per watt, 
240, 244, 453 
total, 240, 453 
Lumiline, 238 
types of, 238 
Bushings, conduit, 138 

fiber, for armored cable, 161 
grounding, 283 
Buttons, push, 330 
BX cable {see Cable, armored) 

C 

Cable, armored, construction of, 

90 

use of, 160 
colors of wire in, 295 
definition of, 89 

lead-sheathed, construction of, 

91 

use of, 278, 341 

nonmetallic sheathed, eonstrue- 
tion of, 90 
use of, 156 

parkway, construction of, 92 
use of, 156 

service entrance, 186, 202, 275 
thermostat, 100, 328 
type USE, 92, 278, 341 
Candle power, 215 
Capacitor motors, 248 
Chimes, signalling, 332 
Churches, wiring of, 490 
Circuit, branch {see Branch cir- 
cuits) 

• definition of, 56 
Circuit breakers, 79, 189 
Circular mils (c.m.), 84 
Clamps, cable, 140 
ground, 281 
Clock outlets, 208 
Closets, wiring of, 210 
Code, National Electrical, 11 


Coefificient of utilization, in li^fcft- 
ing, 451 

Cold-cathode lighting, 456 
Color, in lighting, 233, 240, 246 
of wires, 99, 132, 295 
Common neutrals, 430 
Concrete boxes, 440 
C^onduetors, 22 
Conduit, flexible, 165 
rigid, 149 
bends in, 152 
cutting of, 150 
supports for, 154 
thin-wall, 154 
Conduit fittings, 438 
Condulets, 438 
Connectors, cable, 139, 162 
Controllers, motor, 481 
Convenience outlets {see Recep- 
tacle outlets) 

Cords, drop, 337 
Cost of electricity, 21 
Coulombs, 15 
(Covers, box, 141, 144 
Curtistrip, 505 
Cycles (frequency), 33 
in lamp cords, 99 

D 

Defective vision, extent of, 213 
Deflection of wires, 442 
Delta connections of transformers, 
51 

Demand charge, 42 
Demand factor, in apartments, 391 
in maximum unbalance, 429 
in ranges, 195 
in service entrance, 1 94 
Diagrams, wiring, 261 
Diffused light, 224 
Diffusers, light, 458 
Direct current, 31 
Direct lighting, 227, 457 
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Diiil»onnectmg means, for motors, 
473 

in outbuildings, 370 
in service entrance, 187 
Door openers, 398 
Door switches, 210, 333 
Doorbell wiring {see Low-voltage 
wiring) 

Double-locknut installations, 446 
Double-pole switches, 446 
Doughnut labels, 8 
Drop cords, 337 

E 

Effects of electricity, 30 
pjlectrical metallic tubing (EMT), 
154 

Electromagnets, 43 
Emergency lighting, 509 
EMT, 154 

Engines vs. motors, 250 
Entrance {sic Service entrance) 
Equipment grounds, 131 
Explosion-proof fittings, 513 
Explosion-proof motors, 518 
Extension rings, 360 

E 

P'actories, wiring of, 508 
Farm-lighting plants, 377 
Farms, wiring of, 362 
Feeders, 182, 424 

Feeding one building through 
another, 370 
Festoon lighting, 341 
Figuring electrical bill, 21 
Fish tape, 153 
Fittings, conduit, 438 
“ Fixed appliances, definition of, 
180 

Fixture studs, 319 
Fixture wire, 99 


Fixtures {see Lighting fixtures) 
Flexible conduit, 165 
Flexible tubing, 168 
Floor boards, lifting of, 359 
Floor boxes, 441 
Fluorescent lighting, 240, 455 
Foot-candles, definition of, 218 
measurement of, 221 
required for, 221, 490 
Formula, for lumens required for 
lighting, 452 
Ohm^s law, 24 
power factor, 41 
pulley ratios, 256 
volt-amperes, 40 
voltage drop, 103-105 
watts, 16, 41 
Four-way switches, 65 
Frequency, 33 
Fuses, 73, 251 

G 

Garages, wiring of, 338, 517 
Gauge, wire, 86 
Glare in lighting, 222 
Greenfield {see Conduit, flexible) 
Ground clamps, 281 
Ground wire, 132, 279 
Grounding bushings, 283 
Grounds, artificial, 284 
continuous, 131, 279, 444 
equipment, 131, 279, 436 
method of installation of, 279, 
399 

purpose of, 127 
system, 279, 435 
Guard rails, knob and tube, 174 
Gutters, 443 

H 

Hangers, for outlet box, 140, 348 
Hazardous locations, 513 
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Heater cords (see Lamp cords) 
Hickeys, 321 

Horsepower, definition of, 17 
I 

Identification of approved mer- 
chandise, 10 

Insulation, removing from wire, 
112, 114 
rubber, 89 

Insulators, definition of, 23 
types of, 165, 272 
Inverse squares, law of, 213 
Isolated plants, as source for 
emergency lighting, 511 
types and construction of, 377 

J 

Joints in wire (see Splices) 

Junction boxes, 145, 439 

K 

Key letters on motors, 469 
Kilo, 15 
Kilocycles, 34 
Kilovolts, 15 

Kilovolt-amperes (kva.), 40 

Kilowatt-hours (kw.-hr.), 19 

Kilowatt-hour meter, 19 

Kilowatts (kw.), 18 

Knob and tube system, 165 

Knockouts, 135 

Knot, Underwriters’, 337 

Kva., 40 

Kw., 18 

Kw.-hr., 19 

L 

Labels, Underwriters\ 6 
Lamp cords, 95 


Lampholders (see Sockets) 

Lamps (see Bulbs) 

Laundry outlet, 335, 399 
Law, Ohm’s, 20 
Law of inverse squares, 217 
Lead-sheathed cable, 91, 278, 341 
Light meter, 221 
Lighting, 213, 450 
direct, 227 

direct-indirect, 459-460 
festoon, 341 
indirect, 228 
semi-indirect, 228 
Lighting fixtures, fixed, definition 
of, 417 

installation of, 318 
selection of, 226 

Lighting plants (see Isolated 
plants) 

Locknuts, conduit, 138, 446 
Loom, 168 

Low-voltage wiring, 100, 326, 396, 
512 

Lumens, definition of, 216 
formula for calculating, 452 
Lumiline bulbs, 239 

M 

Magnets, 43 

Maintenance factor in lighting, 451 
Maximum unbalance, 429 
Mean spherical candle power, 215 
Megacycles, 34 
Mercury-vapor lighting, 453 
Meter poles, 365 
Meters, kilowatt-hour, 18 
installation of, 270, 277 
Meters, water, jumpers for, 282 
Microamperes, 221 
Mils, circular, 84 
Motors, 248, 462 
characteristics of, 248 
key letters on, 469 
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Motors, power consumed by, 196 
types of, 248, 462, 518 • 
Multi-outlet assemblies, 336, 416 

N 

National Electrical Code, 11 
Neutral, common, 430 
Neutral feeders, 425 
Neutral wire, definition of, 127, 
132, 288 
fusing of, 288 
size of, 201 
New work, 72, 286 
Norimctallic outlet boxes, 367 
Nonmetallic sheathed cable, 90, 
156 

0 

Oflfices, wiring of, 499 
Ohms, 20 
Ohm’s law, 23 
Old work, 72, 286, 344 
Old-work hangers, 348, 351 
Openings, cutting of, 345 
Outbuildings, wiring of, 338, 370 
Outdoor wiring, outlets for, 341 
switches for, 440 
wire size for. 111 
for yard lights, 375 
Outlet boxes (see Boxes, outlet and 
switch) 

Outlets, clock, 208 
convenience (see Receptacle out- 
lets) 

definition of, 56 
installation of, 286 
outdoor, 341 
radio, 332 
range, 324 

Overcurrent devices, definition of, 
73, 471 

to protect motors, 253, 469, 471 
to protect wire, 80 


Overcurrent devices, in service 
entrance, 192 
Overcurrent units, 471 
Overload capacity of motors, 50 

P 

Panelboards, 420 
Parallel wiring, 59 
Phase, 38 

Photoelectric lighting control, 493 
Pilot lights, 308 
Plans, wiring, 261 
Plants, isolated (see Isolated 
plants) 

Plaster ears, 316 

Plaster rings, 142 

Plates, wall, 69, 291 

Plug-in wall strip, 336, 416 

Polarized systems, 133 

Polyphase current, 39 

Porcelain boxes, 367 

Porcelain insulators, 165, 272 

Poultry houses, wiring of, 374 

Power factor, 40 

Pry-outs, 135 

I^ill-boxes, 145, 439 

Pulleys, motor, 256 

Pulling wires into conduit, 153, 274 

Push buttons, 330 

R 

Radio outlets, 332 
Ranges, demand fact-or for, 195 
wiring of, 324 

Receptacle outlets, clock-hanger 
type, 208 

Code requirements for, 204 
definition of, 62 
installation of, 291 
laundry, special type, 335 
outdoor type, 341 
range type, 324 
two-circuit type, 207, 311 
vapor-proof, 373 
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Reexamination service, Under- 
writers’, 5 

Reflection factors of surfaces, 232 
Reflectors, 198, 372, 457 
Resistance, 23 
Rigid conduit, 149 
Romex {see Cable, ^nonmetaliic 
sheathed) 

Room index in lighting, 450 
Round boxes, 140 
Rubber-covered wire, 88 
Rubber insulation, 89 
Running boards, 173 

S 

Schools, wiring of, 490 
Series wiring, 58 
Service drop, 185, 419 
Service entrance, bare wire in, 185 
calculation for, 192, 194, 425 
definition of, 184 
for farms, 206 
installation of, 269, 419 
overcurrent protection in, 192 
Servij;^' entrance cable, 186, 275 
Service heads, 273 
Service insulators, 272 
Service switches, 187, 270, 357 
Shadows in lighting, 233 
Show-window lighting, 502, 507 
Sign receptacles, 72 
Signal systems (see Low-voltage 
wiring) 

Signs, wiring of, 511 
Sill plates, 277 
Slow-burning wire, 408 
Sockets, 55, 71, 415 
Solder joints, where prohibited, 
191, 271, 282 
Solder lugs, 121 
Solder pot, 317 
Soldering, 118, 317 
Solderless connectors, 113, 123 


Source, 56 

Spacing of wires, 167 
Splices, in lamp cords, 117 
in other wires, 81, 112, 115 
in weatherproof wires, 121 
Splicing compound, 120 
Star connections of transformers, 
51 

Storage batteries, 381 
Stores, wiring of, 502 
Supports, vertical runs of wires, 
444 

Surface brightness in lighting, 225 
Surface metal raceway, 447 
Surface wiring, 362, 447 
Switch boxes {see Boxes, outlet and 
switch) 

Switch loops, color of wires in, 295 
Switch plates, 69 
Switchboards, 420 
Switches, door, 333 
double-pole, 63, 446 
four-way, 65 
general-use, 463 
isolating, 463 
lock, 68 

motor-circuit, 463 
outdoor, 444 
push, 68 
rating of, 69 

service entrance, 187, 190, 270 
single-pole, 58 
surface, 68 

’’-rating of, 446 
three-way, 64, 276 
time, 374, 506 
toggle, 57 

Symbols, wiring, 262, 263 
T 

“T”-rating of switches, 446 
Table, for carrying capacity of 
wires, 81, 95 
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Table, conduit dimensions, 150 
cost of voltage drop, 109 
effect of voltage on bulbs, 235 
key letters on motors, 469 
lumens, total, produced by bulbs, 
219 

lumens per watt in bulbs, 240 
number of wires entering boxes, 
132 

overcurrent devices in motor 
protection, 479 

power consumed by motors, 196 
pulleys on motor and machine, 
257 

reflection factors for various 
surfaces, 232 
types of wire, 403 
watts consumed by appliances, 
21 

watts per square foot in lighting, 
452 

wire size, lor isolated plants, 379, 
381 

for small motors, 265 
wattage-distance, 106, 107 
Tape, fish, 153 
friction, 121 
rubber, 120 

Taps in wire, 83, 116, 418, 471 
Telephones, 331 

Temperature, effect on wire, 81, 
400 

Temperature rise of motors, 249 
Terminals, ll2 

Testing finished installations, 313 
Theaters, wiring of, 508 
Thermoplastic insulations, 408 
Thermostat cable, 100 
Thin- wall conduit, 154 
Three-phase current, 38, 60 
Three-way switches, 64, 303 
Three-wire system, 28, 191 
Time switches, 374/ 506 
Toggle bolts, 147 


Transformers, 43, 327 
Trial installations, 8 
Two-circuit receptacles, 207, 311 
Two-phase current, 36, 49 

U 

Unbalance, maximum, 429 
Underground wires, 91, 92, 278, 341 
Underwriters’ knot, 337 
Underwriters’ labels, 6 
Underwriters’ Laboratories, Inc., 3 
‘^Unfinished,” definition of, 177n. 
Uninsulated wires, 411 
in service entrance cable, 185, 
202 

V 

Vapor-proof receptacles, 373 
Varnished cambric cable, 80 
Voltage, a.c., 34 
to ground, 130 

Voltage drop, calculation of, 103, 
468 

cost of, 108 
definition of, 25 
in motor work, 468 
practical limits of, 101 
tables of, 106, 107 
in 3-phase work, 105 
Voltages, commonly used, 27 
.dangerous, 25 
Volt-amperes, 40 
Volts, 14 

W 

Wall plates, 62, 317 
Water heaters, 200, 325 
Water-meter jumpers, 282 
Watt-hours, 18 
Watts, 16 
in a.c., 41 

consumed by appliances, 20 
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Weatherproof wire, 94 
White wire, 132 
Wire, bare, 411 
basic construction of, 84 
carrying capacity of, 81, 102, 
400 

effect of temperature on, 84, 400 
size of, 85, 101 
spacing of, 167 
stranded, 87 

types of: annunciator, 100, 325 
bare, 185, 202, 411 
bell, 100, 325 
cable, armored, 90, 160 
lead-sheathed, 91, 278, 341 
nonmctallic sheathed, 90, 
156 

parkway, 92 

service entrance, 186, 275 
thermostat, 100, 326 
U.S.E,, 92, 278, 341 
fish, 153 
fixture, 99 


Wire, types of: ground, 280 
lamp cord, 95 
neutral, 127 

rubber-covered, type R, 88 
type RH, 89, 402 
type RP, 89, 402 
type RU, 410 
type RW, 91 
slow-burning, 408 
synthetic (SN), 409 
table of, 403 
thermoplastic (T), 408 
varnished cambric, 406 
weatherproof, 94 
white, 132 

Wires, number permitted in boxeg 
138 

Wound-rotor motors, 466 

Y connections in transforn^ers, 5^ 

Yard lights, 375 





